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W.—MOLLUSKS.

205. THE CUTTLES—.CEPHALOPODA.

The molluske called “Cuftles” or “Cuttle-fishes” bear a very important relation to the fisheries
and consequently to the food supply of the United States. It has recently been ascertained that
some of these Cuttle-fishes attain huge bulk and corresponding abilities for destruction., The two
gpecies of Architeuthis (A. princeps and A. Harveyi), roaming through the North Atlantic and now
and then stranded npou the beaches of Newfoundland, have each a total length of from thirty to
fifty feet, and a weight of solid flesh amounting to thousands of pounds,

% The Cuttles,” says Dr. Philip Carpenter, # have very acute senses. They have an approach
to & brain, inclosed in a cartilaginons skull. They can hear sounds, and evidently enjoy the taste
of their food. They have a large, fleshy tongue, armed with recurved prickles, like that of the lion.
They either crawl on their head tail upwards, or swim, tail foremost, by striking with their arins,
or squirt themselves backwards by forcing water forward through their breathing funnels.

“They are ferocions creatures, the tyrants of the lower orders, and do net scruple to attack
and devonr even flshes, The larger kinds are deservedly dreaded by man. Their Wespous con-
sist in their powerful arms, which are abundantly furnished with rows of cup-like suckers, each
of which fastens on its prey or its foe like a limpet to the rock. Often these are accompanied with
sharp-carved teeth, strong enongh to be preserved even in fossil species,”

The giant Cuttie-fishes of the north (Architeuthis) and the commoner Sqnids and Calamaries of
our Atlantic eoast belong to the ten-armed divigion of the order termed Decapods. The threc
smaller species ordinarily met with are Loligo Pealei, Loligo Pealei var. pallida, and Ommastrephes
illecebrosus, On the extreme southern coast they are replaced by an Octopod (Octopus granulaius).

Of these four, Loligo Pealei is the common Squid of Long Island Sound and southward, and
when full grown it ia more than a foot in length, The color when living is very changeable, owing
to the alternate contractions of the eclor-vesicles or spots, but red and brown predominate, so as
to give a general purplish-brown color. An allied variety or subspecies, named pallide, is a
“pale, translucent, gelatinous-looking” creature, with few spots on the back and nearly white
beneath. Qommonly five or six inches lon g, exclusive of the arms, it frequently grows much larger,
and is of broader and stouter proportions than the type-form, from which it is farther distin-
guished by its broader candal fin and tbe larger size of its sackers. It belongs eapeeially to the
Western end of Long Island Sound, * where it is abundant with the schools of menhaden, on which
it feeds.”

“Thig &pecies,” wrfte.s Verrill,! ¢“ja found along the whole coast from South Carolina to Massa-
chusetts Bay.

“1tis the Common Squid from Cape Hatteras to Cape Cod. In Long Island Soond and Vineyard
Sound it js very abundant, and is taken in large numbers in the fish-pounds and seines, and used
toa large extent for bait. Itis comparatively scarce, though not rare, north of Cape Cod, The
. Young were trawled by as in irany localities in Massachusetts Bay in 1878. Large specimens were
taken in the pounds at Provincetown, Massachusetts, August, 1870. It was taken in considerable

' i Report U. 8. Fish Coinmission, part vii, 1682, p. 355. ot
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gnantities, in breeding condition, in the fish-ponnds at Cape Axn, near (zlougester, Massachusetts,
May, 1880 (var. borealix). It has not been observed north of Cape Ann. Its southern limit is net
known to me, but it appears to liave been found on the coass-of SBouth Carolina.

“#1In depth, it has occurred from low-water mark to fifty fathoms. The eggs' have often been
taken by us in the trawl, 1n preat abandance, at many localities nlong the sonthern shores of New
Eugland, in five to twenty-five fathoms.

“1t igs known to be a very important element in the food supply of the bluefish, tautog, sea-
bLass, striped bass, weakfish, king-fish, and wany other of our larger market fishes,

“Tu the Gulf of Mexico this species appears to be replaced by ancther species (Loligo Gahi
I¥Orbigny). Of this we hiave several specimens, collected on the west eoast of Florida, at Egmont
Key, near Tampa Bay, by Col. E. Jewett and Mr. W. T. Coons. This species is closely allied to
L. Peglei, but has a more slender form, with the candal in shorter and narrower in propoction to
the length of the mantle. The pen has a shorter and broader shaft, and a narrower and more
oblong blade, which has parallel, thickened, and darker-colored portions between the midrib and
margins. The tentacular suckers have their horny rings more coarsely and egually toothed, there
beiug ouly a partial alternation of lurger and smaller teeth,

“Along our southern coast, from Deluware Bay to Florida, 3 mach shorter and relatively
stouter species { Leligo brevis Blainv.} oceurs, which might be mistaken by a careless observer for
the present species. In addition to its shorter body, it hag very different large, tentacular suckers,
with the teeth on the boruy rimn coarser and all of similar form and size. 1ts pen is also shorter
and relativeiy broader, and different in strueture.”

“I am not aware,” he says elsewhere? ‘“that any definite information has hitherto been
published as to the rate of growth or length of life of any of our ¢cephalopods. By some writers it
has been stated that the Squids are all annmal, but this seems to be o mere assumption, without
any evidence for its basis, Therefore Ihave for several years past preserved large numbers of
speciment of the young of Loligo Pealei, eollected at different seasons and localities, in order to
ascertain, if possible, the rate of growth acnd the sise acquired during the fdrst seasom, af least.
One of the following tables (I) shows some of the data thus obtained.?

“There is considerable difficulty in ascertaining the age of these Bquids, owing to the fact that
the spuwning season extends through the whole spmmer, 50 that the young ones hatched early iv
June are ag large by September as those that hatch in September are in the following spring.
Owing to the same causs, most of the large Iota of young Squids taken in midsnmmer include
various sizes, from those jnst hatehed unp to those that are two or three inches long, They are
often mixed with some of those of the previous year, considerably larger than the reat. Earlier in
the season (in May and the first part of June), before the first-laid eggs begin fo hateh, the
youngest specimens taken (60™m to 100~ long) are presumed to belong to the later broods of
the previons autamn, while those somewhat larger are believed to be from earlier breods of the
previous summer, and to represent the growth of one year very nearly. '

“Taking these principles as a guide, I have arrived at the following conclusions from the data

collected :
%1, The young Squnda begin to hatch at least as early as the second week in June, on the

‘In eariy svemmer this Sqmd resorts to gra.ve]ly and weedy bottoms to Iny its eggs.  They are mnmined in bunohﬂﬂ
or clusters, sometimes aix or eight inches in dinmeter, consisting of hundreds of gelatinous copeules each bolding
bumercus eggs.  These clusters are attached to some fixed object, and tha oysters upon planted heds offer comvenienees
which the Syuid is very likely to sdopt. This gecurrence seems to he n sourve of decided herm in Delaware Bay, for the
oystermen there assert that the Inrger *' sea-grapes’ (as they call the egg- bunc.hes) Tift many oysters fmfhaw by
their bioyaney and flont. them off in stormy weather. —E, I, ;

¥ Repors U. 8. Fish Commission, part vii, 1862, pp. 353-355.

*Hee the ong:mal article
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southern coast of New England, and continue to hateh till the middle of September, and perhaps
tater.

¢2. By the second week in July, the first batched of the June Bquids have grown to the size
in which the body (or mantle) is 30== to 48wm Jong; but these are associated with others that are
younger, of all sizes down to those just hatched. They begin to show a disposition to go in
‘schools’ composed of individuals of somewhat similar sizes.

“3. By the second week in Aungust, the largest June Squids have become 50=m to 63=m ip
length of body, and the later broods are 5@ {0 30== long. As before, with these sizesoceur others
of all ages down to those just hatched. It should be observed, however, that in those of our
tabulated lots taken by the trawl the very small sizes are absent, becanse tley pass freely throngh
the coarse meshes of the net.

i 4, By the second week in September, the June Squids have the mantle G0== o 82== long.
All the grades of smaller ones still abound. A few larger specimeus, taken the last of August
and in September, 84== to 110== long, may helong to the June breod, but they may belong to
those of the previous antumn.

“p. In the first week of November, the larger young Sqnids taken had aeqmred a mantle-
length of 79™n to 85, hut these are probably not the largest that might be found. Younger
ones, probably hatched in September and October, 822 to 200 jn length of body, occurred in vast
numbers November 1, 1874. The specimens taken November 16, off Chesapeake Bay, having the
mautle 40 to 70™= long, probably belong to the schools Latched in the previons summer.

¢4, In May and June the smallest SBquids taken, and believed to be those hatched in the
previous September or October, have the mantle 62== to 100™» long, With these there are others
of larger sizes, up to 162== fo 188»=, and connected with the smaller ones by intermediate sizes.
All these are believed to belong to the various broods of the previons season. In these the sexual
organs begin to increase in size and the external sexual characters begin to appear. The males
are of somewhat greater length than the females of the same age.

#7, In July, mingled with the young of the season, in some lots, but more often in separate
schools, we take young Squids having the mantle 75== to 100™™ long. These we can connect by
intermediate mizes with those of the previous year taken in June. I regard thess as somewhat
less than a year old.

48, Beyond the first year it becomes very difficult to determine the age with certainty, for those
of the first season begin, even in the aufumn, to overlap in their sizes those of the previous year,

9. It is probable that those specimens which are taken in large guantities, while in breeding
condition, during the latter part of May and in June, having the mantle 175=% to 225™> long in
the females and 200mm to 2756™™ long in the males, are two years old,

%10, It is probable that the largest individuals takeu, with the mantle 300™= to 425== long,
are at least three years, and perhaps in some cases four years old. The very large specimens
generally ocenr obly in small schools and are mostly males. The females that occur with these
very large males are often of much smaller size, and may be a year younger than their mates,

“11l. When Squids of very different sizes occur together in a school, it generally happens
that the Iarger ones are engaged in devouring the smaller oneg, as the contents of their stomachs
clearly show. Therefore, it is probable that those of a similar age keep together in schools for
mutual safety.

“12. Among the adult specimens of var, pallidas taken November 16 and December T, ad
Astoria, there are several young ones, from 75" to 1202~ in length, with rudimentary repro-
ductive organs, These may, perhaps, be the yonng of the year, hatched iv June.”

Mr
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Young Squids in incouceivable numbers, and even the adults, are greedily devoured by
bluefish, black bass, striped bass, weakfish, mackerel, cod, and many other marine animals.
Thus they ure really of great importance as food for our most valualle wmarket fishes.

North of Cape Cod the Squid is represented by the Sea-arrow or Flying Calamary, Omma-
strephes illecebrosus, sometimes calted “short-finned” in contrast to the long “fins” characteristic
of the Loligos, which they resemble in size and color. '

Professor Verrill has given the following graphic account of this species:

«When living, this is a very heautiful creature, owing to the brilliancy of its eyes and its bright
and guickly-changing colors. It is also very quick and graceful in its movements. This is the
most common ¢ Squid’ north of Cape Cod, and extends as far south as Newport, Rhode Islund, and
in deep water to the region off Cape Hatteras. It is very abundant in Massachusetts Bay, the
Bay of Fundy, and northward to Newfoundland. It is taken on the coast of Newfonudland in
immense numbers, and used as bait for codfish. It oceurs in vast schools when it visits the coast,
but whether it seeks those shores for the purpose of spawning or in search of food is not known.
T have been unable to learn anything personally in regard to its breeding habits, nor have I been
able to ascertain that any one has any information in regard either to the time, manner, or place
of spawning. At Eastport, Maine, I have geveral times observed them in large numbers in mid-
summer. But at that time they seemed to be wholly engaged in the pursuit of food, following
the schools of herring, which were then in pursuit of shrimp ( Thysanopoda norvegica), which occnr
in the Bay of Fundy, at times, in great quantities, gwimming at the surface. The stomachs of the
Squids taken ou these occasions were distended with fragments of Thysanopoda, or with the flesh
of the herring, or with a mixture of the two, but their reproductive organs were not in an active
condition. The same is trae of all the specimens that I have taken at other localities in summet.
Trom the fact that the oviducts are small and simple, and the nidamental glands little developed,
1 believe that it will eventually prove that this species discharges its eggs free in the ocean, and
that they will be found floating at the surface, either gingly or in gelatinous masses or bands, not
having any complicated capsules to inclose them. Nothing is known as to the length of time
required by this species to attain its full size. It probably lives several years.

“This Squid is an exceedingly active creature, darting with great velocity backward, or in
any other direction, by means of the reaction of the jet of water which is ejected with great forco
from the sipbon, and which may be directed forward or backward, or to the right or left, by
bending the siphon. Even when cenfined in a limited space, as in a fish-pond, it is not an easy
matter to eapture them with a dip-net, so quick will they dart away to the right and left. When
darting rapidly the lobes of the candal fin are closely wrapped around the body and the arms are
held tightly together, forming an acute bundle in front, so that the animal, in this condition, ia
sharp at both ends, and passes through the water with the least possible resistance. Its candal
fin is nsed as an accessory organ of locomotion when it slowly swims about or balances itself for
soma time nearly in one position in the water.

#The best observations of the modes of eapturing its prey are by Messrs. 8. 1. Smith and Oscar
Harger, who observed it at Provincetown, Massachusetts, among the wharves, in large numbers,
July 28, 1872, engaged in capturing and devouring the young mackerel, which were swimming
abont in ¢sehools,’ and at that time were about four or five inches long. Ir attacking the mackerel
they would saddenly dart backward among the fish with the velocity of an arTow, and as guddenly
tarn oblignely to the right or left and seize a fish, which was abmost instantly killed by & hite in
the back of the neck with their sharp beaks. The bite was always made in the same pla_ca, cuthing
out a triangular piece of flesh, and was deep enough to penetrate to the spinal cord. The attaocks
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wera not always successful, und were sometimes repeated a dozen times before one of these active
and wary fishes could be caught. Sometimes, after making several unsuccessful attempts, one of
the Squids would suddenly drop to the bottom, and, resting upon the sand, would change its color
to that of the sand so perfectly as to be almost invisible., In this position it would wait until the
fishes came back, and when they were swimming close to or over the ambuscade, the Squid, by a
sndden dart, would be pretty sure to secure a fish. Ordinarily, when swimming, they were thickly
spotted with red and brown, but when darting among the mackere) they appeared translncent and
pale. The mackerel, however, seemed to have learned that the shallow water was the safest for
them, and would hug the shore as closely as possible, so that in pursuing them many of the Sqnids
became stranded and perished by the hundreds, for when they onee touch the shore they begin
to pump water from their siphons with great eunergy, and this usually forces them farther and
farther up the beach. At such times they often discharge their ink in large guantities. The
attacks on the young mackerel were observed mostly as or near high water, for at other times the
wackerel were seldom seen, though the Squids were reen swimming about at all hours, and these
attacks were observed both in the day and evening.

“ It is probable, from various observations, that this and other species of Bquids are mainly
nocturnal in their habits, or at least are munch more active in the night than in the day. Those
that are canght in the pounds and weirs mostly enter in the night, evidently while swimming
along the shores in ‘schools.’ They often get aground on the sand-flats at IProvincetown,
Massachusetts, in the night. On the islands in the Bay of Fuody, even where there are no flais,
I have often found them in the morning stranded on the beaches in inmnense numbers, especially
when there iy a full moon, and it is thonght by many of the fishermen that this is becaunse, like
any other nocturnal animals, they have the habit of turning toward and gazing at a bright
light, and since they swim backwards, they get ashore on the beaclhes opposite the position of the
moon. This habit is also sometimes taken advantage of by the fishermen, who capture them for
bait for codfish. They go out in dark nights with torches in their boats,and by advancing slowly
toward a beach drive them ashore. They are taken in large quantities in nets and poumds, and
also by means of ‘jigs’ or groups of hooks, which are moved up and down in the water, and to
which the Squnids eling, and are then quickly pulled out of the water. They are also sometimes
caught by fish-hooks, or adhering to the bait used for fishes.

“Their habit of discharging an inky fluid throngh the siphon, when irritated or alarmed, is
well known. The ink is said to have eaustic and irritating properties.

‘'This Squid, like the Loligo, is eagerly pursued by the cod and many other voracious fishes,
even when adult. Among its enemies while young are the full-grown mackerel, who thus retaliate
for the massacre of their own young by the Squids. The specimens observed catehing young
mackerel were mostly eight to ten inches long, and some of them were still larger.

#This species, like the common Lolige, has the instipets and lhabits of » cannibal, for small
Bquids of its own species form one of the most common articles of its diet. From an adult female
of ordinary size (G, of our tables), caught at Eastport, Maiue, L took a great mass of fragments
of small Squids, with which the stomach was greatly distended. These fragments complotely
fllled w vial having a capacity of four fluid ounces,

“From the rapidity with which the Squids devour the fish that they eapture it is evident
that the jaws are the principal organs used, and that the odontophore plays only a subordinate
part in feeding. This is confirmed by the eondition of the food ordinarily found in the stomach,
for both the fishes and the shrimp are usaally in fragments and shreds of some size, and smaller
Creatures, like amphipods, are often found entire, or nearly so; even the vertebrie and other
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bones of herring are often present. On the other hand, in some specimens, the contents of the
stoinach are finely divided, as if the odontoplore had been used for that porpose.™

The loss which tle fisheries sustain through their voracity, however, is probably equalized by
the food which Cuttle-fishes furnish the carnivorous fishes and various other denizens of the deep.
For example, the sperm whale seems to rely largely upon a diet of big Squids, sinking to the
bottom where they are groping about, to drag them up, or mipping off their large arms us they
swim about near the surface. Dolpbins and porpoises also prey upon the Cuttles, and all the
fiesh-eating fishes pursue and devour them at every opportunity, particularly the cod and Muefish,

Kunowledge of this fiaet long ago led to the Squid being taken by fishermen as an attractive
bait. More thap balf of all ithe Bank fishing is said to be with such bait. When the shoals of
this wollusk | Lolige Sguid] approach the coast hundreds of vessels are ready to eapture them,
forming an extensive cnttle fishery, engaging five hundred sail of French, English, and American
ships. Their habit of moosn-gazing, also, is sometimes taken advantage of on the coast of Maine
by the fishermen, who capture them for bait for codfish; they go out in dark nights with torches
in their boats and by advancing slowly toward a beach drive them ashore. Violent storms heap
great windrows of dead Squids on the beach, where they are gathered up, and they are also
sometimes taken on lines adhering to the bait set for fishes, These ¢“drives” and accidents
happen in the spring, when Cuttles are flocking into shallow water to lay their eggs.

Since this solidly-fleshed animal is so exteusively eaten by other animals it i8 not surprising
to find that men also should number it among the edible products of the sea. “The flesh of the
large cophalopodoas animals,” says Simmonds?  was esteemed as n delicacy by the ancieuts.
Most of the Eastern nations, and those of the Polynesian Islands, partake of it and relish it as
food. They are exposed for sale dried in the bazaars or markets thronghout india, and
dried Cuttlefish may be seen among the articles of Chinese, Japanese, and Sipmese food. In
Chili the flesh is also considered a delicacy, and in Barbados the bastard Cuttle-fish or ‘Calmar’
(Loligo sagitiata Lam.) is used a8 an article of food by the lower classes.” '

In the Mediterranean also, particularly near Tunis, and along the Portugal coast, the cateh
and consumption of Cnttles is large, amounting to nearly a million pounds a3 year, most of which
is s0ld in Greeee, after being salted and dried or pickled. These are Octopods. The same sort of
Cuttie-fish (Ocfopus punctatus) serves the domble purpose on the Pacific coast, from California to
Alagka, of bait for the fisheries and food for the Indians. For the latter purpose it is chiefly
sought in Puget Sound, where the coast tribes hunt and kill Octopods often large enough to be
dangerous foes in a quarrel, by going to their haunts in canoes and spearing them. To some small
tribes the Octopus affords the chief supply of animal food. There is mo reason why squid-flesh
from the northern Atlantic Ocean should not becoms available as food, and prove desirable—to
those who like it. It would be both wholesome snd cheap; and » single Architeuthis would
farnish a meal for a frigate’s erew. In Bermuda the Octopus granulatus regularly formsa portion
of the fare of the fisher families. As the Bermudan fish and methods of captare prevail across
among the Florida reefs, no doubt this habit prevails there also. In New York City there is 2
considerable sale of fresh Squids to foreign residents, and the trade is increasing. There seems
no reason why on some coasts this flesh should not be far more thoroughly utilized than it
ia at present. _

In addition to its valne as a bait, or' as a sonrce of oil (our Ommastrephes ‘has been thus
utilized somewhat), and as possible food, the cephalopods contribute two or three nsefal articles

1Rep01‘ﬁU._B.Fi§hCommimion,thﬁi,1882,pp.M
# Commercinl Products of the Sea, p. 118,
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to commerce. A large portion of them carry nuder the skin of the back a long, flat, caleareous
“bomne” or plate, which serves as a stay or support to the frame in lieu of a skeleton. Tn some
species it is long and slender like a quill-pen. This bone, reduced to p.owder, forms a useful
pouxce, “used 1 Tewriting over erasures to prevent Llotting, and in medicine as an antacid.” [t
is also combived into a dentifrice. The principal use for it, nevertheless, is for feeding to caged
birds regniring lime for their healili. For this parpose several handred-weight of ¢ cuttle-bone”
are brought into the United States annually. It is farnished chiefly from Chinese waters,
but is also collected floating in the Mediterranean. None of our American species afford a useful
cuttle-bone, however; so that this import can scarcely be diminished. The pame Culamary ”
is often applied to a Cuttle-fish, and arises from the fact that each of them carries in an internal
gland a supply of blue-black, ink-like liguid, which upon the slightest alarm le discharges into
the water, making a dense eloud under cover of which e rapidly retreats.!  Fhis ink, removed and
dried into little cakes, with a greater or less adulteration, forms the sepin of painters and the
Tudia ink of draughtsmen. Now it is bronght almost wholly from Orfental ports, via Loudon,
but it might prebably be saved on our coast as well. Provided with pen and ink oun all oces-
sions, these mollusks seem truly to stand at the head of the class of animals they represent—
not wholly becanse of their superior size and loftier brain and organization, but also on the score
of literary accomplishments. '

208. THE SEA-SNAILS -GASTEROPODA.

The Gasteropod mollusks, bearing a shell in a single piece and vsually spirally whorled, are
notof much direet utility to man, as a rule, on this side of the world, north of the tropics; but there
are a few species which deserve mention. Their principal claim to notice in { bis conuection lies
in the fact that they igure upon the habitual bill of fare of various fishes. Ne doabt the list
appended might be greatly enlarged if we were better informed, particnlarly in respect to the
southern coast. Thus far the chief knowledge possessed in respect to the mwllusean food of
American fishes is derived from Gould’s Report upon the Invertebrates of Massachusetts,” and
Prof. A. B. Verril?’s report to the United States Fish Commission. From this and other sonrees
is compiled the snceeeding catalogite of species of Gasteropod mollusks that are fed upon by
fishes; these, it must be observed, are confined to the Atlantic coast, and, to a great extent, to the
waters of New England, through lack of information in respect to the similar foud of the fishes of
the southern and the western coast, The list includes abont fifty species, and reads;

Bela turricula, Bele harpularia, Bela pyramidalis, Bela decussata, Admeté Couthouyd, Neptunea
despecta, Buccinum wndatun, Buccinum ciliatum, Tritic trivittate, Iyanassa obsoleta, Trophon
clathratus, Trophon olathratus var. scalariformis, Purpura lapillus, Astyris rosacea, Astyris lunata,
Natica clausa, Lunatia heros, Lunatia grenlandica, Lunatia tmmaculata, dmawropsis islandica,
Velutina zonata, Velutina lovigata, Lamellaria perspicua, Littorina-—several species, T'riforis nigro-
citctus, Bittium nigrum, Turritelln erose, Trichotropis borealis, Crepidula fornicata, Crepidula plana,
Aporrhais ocoidentalis, Scaleria grenlandica, Scalaria Novanglie, Margarita cinerea, Margarita
grenlandica, Margarita argentata, Macharoplax obscura, Puncturella noachina, Tonicelle marmora,
Trachydermon albus, Trachydermon yuber, Ohiton—various species, Auricula vestita var. Fmersondi,

*There are frightful tales abroad of the feracity with which the larger of these crestures will attack man, and they
are greatly drended by the sheil-divers of the South Seas; but the truth is the Cnttle-fish is timid, and will hide or ran
%Why whenover he can from anything so large and strange a5 & man: that s, any Cuttles smoller than the glants of
Newfcnndlsnd. A diver who touched a large Octopus would instinclively be seized, of course, since the creature would
kaow no different coarse of sction; bus voluntary attack is not credited by those who know most abont the habits of the

;’

IE
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Odostomia striatula, Philine lincolata, Amphisphyra hiemalis, Amphisphyra debilis, Diaphana Gouldis,
and Cylichne alba smong salt-water forms; with many species of Melampus, Paludina, Planorbis,
Fimnea, Physa, and other fresh-water genera.

Buat many of these species, and several not mentioned here, have additional elaims to our
notice. For example, Buccinum wundatuwm, the Cape Ann “ Periwinlkle,” might well serve as food,
since in Europe it has long been thus utilized. In alt the coast towns of England and Scotland
this shell iy peddled for food, under the pame “ Whelk” or ¢ Wilk,” and it may be bought at all
the streef-corpers in the poorer quarters of London, where it is esteemed o great luxary, Oar
‘Whelk might equally well be eaten, and is very common northward from Cape Cod to the arctic
regiond, living chiefty on roeky shores, but also inhabiting wuddy bottoms. It is thua accessible
to castaways upon bleak arctie coasts where no other edible shell-fish of consequence occurs, and
ought not to be forgoiten by those who take the rigk of shipwreek in Labrader or Greenland.

Next demunding attention are two of the largest mollusks on the Atlantic coast north of the
tropics-—Fulqur carica and Sycotypus canaliculate. North of New Jersey these two are confused
under the general names of * Periwinklo.,” ¢ Winkle,” and * Wrinkle.,” The former of these species
extends ¥ northward only to Cape Cod,” and is uncommnon beyond Long Ialand, while the second
is of more frequeunt occurrence in Vineyard Soand and along the Connecticut shore than south-
ward. Both are carnivorous, and find in the Oysters a quiet, easy prey; they consequently do
great damago to the beds, and are properly destroyed by fishermen whenever a chance occurs. [
belteve this is especially true of the Sycotypus. On the coast of New Jersey and southward,
where the Fulgur resches an immense size, and is known as the “Coneh,” the oystermen complain
very little of it.

The Sycotypus is more common north of New York, though it does not exist at all beyond
Cape Cod; while along the coast of New Jersey and sonthward it is the Fulgur which is charge-
able with nearly all mischief perpetrated, since the other species ia rarely seen. Oceasionally, as
Verritl mentions, specimens of both may be found erawling on sandy flats or in the tide-pools,
especially during the spawning season, but they do not ordinarily live in such situations, but in
deeper water, on hard bottoms off shore. [t is needless to say that they do not burrow at all,
though they are able to insert the posterior part of the foot into the sand sufficiently to afford
them & strong anchorage against currents, A very soft or a very rocky bottom they equally
avoid.

The curions egg-cases of these mollusks, to which the names “sea.ruffle” and « gea-necklace”
are often given by fishermen, always attract the attention of visitors to the sea side, who find
them cast npon the beaches; and we can well echo the pions exclamation of the old historian of
Martha's Vineyard,—The Author of nature makes a wonderful and copious provision for the
propagation of this worm!” The eggs are discharged in n series of disk-shaped, subeircular, or
reniform, yellowish capsules, parchment-like in texture, nvited by one edge to a stout stem of the
same kind of material often a foot and a half or two feet in length. The largest capsules, about
an inch in diameter, are in the middle, the size decreasing toward each end. On the outer border
i & small circular or oval spot, of thinner material, which the young ones break throngh when
they are ready to leave the cupsules, each of which, when perfect, containg twenty to thirty or
more oggs or young shells, according to the season.” Verrill adds interesting pagticulars, as
follows ; : : . '

“Dr. Elliott Coues, who has observed Pulgur darice torming its cases at Fort Macon, North
Carolina, states that the females bury themselves a few inches below the sarface of the ssud on
the flata that are uncovered at low water, and remain stationary during the process. -The string

.
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of capsules is gradually thrust upward as fast as formed, and finally protrudes from the surface of
the sand, and, when completed, lies exposed on its surface. The string begins as a single shred,
two or three inches long, without well-formed cases; the first cases are smail and imperfect in
shape, but they rapidly increase in size and soon become perfect, the lurgest being in the middle;
the series ends more abruptly than it began, with o few smaller and less perfect eapsules. The
number of capsules varies considerably, but there are usually seventy-five to one hundred or
more. At Fort Maconr Dr. Goues observed this species spawning in May, but at New Haven they
spawn as early as Mareh and April. 1t is probable that the period of spawning extends over
several months. Mr. Sanderson Smith thinks that they also spawn in autummn on Long Island. 1t
is not known how long a time each female requires for the formation of her string of capsales.
There are two forms of these capsules, about equally abundanst in this region.  [n one the sides of
the eapsules are nearly smooth, but the edge is thick or truneate along most of the circumference,
and ecrossed by numerous sharp transverse ridges or partitions, dividing it into facets. Dr.
Coues states that these belong to Pulgur carica. An examination of the young shells, ready
to leave the capsules, confirms this. The other kind has larger and thinner eapsules, with a thin,
sharp cuter edge, while the sides bave radiating ridges or raised lines. Sowmctimes the sides
are unlike, one Dbeing smooth and more or less concave, the other convex and crossed by ten
or twelve radiating, olevated ridges extendiug to the edge. This kind was attributed to Fulgur
carice by Dr. G, H, Perkins, and formerly by Mr. Sanderson Smith, but a more careful examina-
tion of the young shells, within the capsules, shows that they belong to Sycotypus canaliculaia,”’

Eggs so exposed ure subject to numberless accidents, being drifted ashore, ground to pieces
by storms, and no doubt eaten by bottom-feeding fishes, so that only a few eggs out of the
hundreds in each “necklace” are ever born, or, aceomplishing that, are able to survive the perils
of unprotected youth and grow to adult age and strength. Having once done so, however, this
mollusk probably lives to a very great age.

An examination of & specimen of either of these species will shew that in both the
umuseular part is large and strong and the mouth powerfal. The food of the Coneh being mainly
the flesh of other mollusks, its methaoid of killing them is one of brute strength, since it is nnpro-
vided with the silicious, file-like tongue by means of which the small * Drills” set at naught the
shelly armor of their victims. The Coneh is a greater savage than that. Seizing upon the unfor-
tunate Oyster, unable to run away, he envelops its shell in the coneave under surfaee of his foot,
and, by just such a muscular action as you would employ in grasping au object in the palm of
your figt, ernshes the shell into fragments and feasts at leisure on the flesh thus exposed. Where
Oysters or other prey are abundant, this operation is quickly repeated and vastly destructive.
One planter in the upper part of Bnzzard’s Bay, where these pests are very troublesome, thought
one Winkle was capable of killing a bushel of Oysters in a single hour. They do not confine
themselves to Oysters sltogether, of course; any mollusks or other marine animal, sluggish and
weak enough to be caught and broken up, suffers from their predueity. I was told in New
Jersey, by an intelligent man, that the Conch wonld even draw the Razor-shell oat of his burrow
and devour it. If this be true, no doubt the Soft Clam also falla a victim to the same marander.
The Quahaug is generally safe in his massive shells.

The oyster-beds most snbject to attack and harm by the Winkles and Conchs are those
Planted in water which is quite salt, as is the practice in New England and Long Island Sound.
The beds of the Great South Bay, Staten Island, and the southern Jersey coast are well protected
by the outer beaches from the sen, and to these barriers owe their immunity frow the Fuigur,
while the Syootypus, thongh present inside the beaches, seems to do small damage. Oystermen

) ) 1 Report U. 8, Fish Commission, part i, 1873, pp. 365, 356.




696 NATURAL HISTORY OF AQUATIC ANIMALS.

will tell you, also, that beds which are disturbed from time to time by the planter will suffer more
harm than neglected beds, especially in summer. Of eourse it is to be expected, as reported, that
where planting has gone on for many years, there these predatory mollusks have visibly increased
in numbers. '

In regard to ridding our beds of this pest, 1 can only advise, as heretofore, that every effort
be made to destroy every specimen taken and every ‘necklace” of eggs which can be got hold of.
The trawl, tangles, etc., recommended for the suppression of star-fishes, in my Report to the
Census Bureau upon the Oyster Industries, wonld take up these eggs at the same time, and thus
do double service. Persistent fighting is the only resource against this enemy, however, as in
the cage of others.

Some pointy of minor interest may be mentioned before leaving this subject. Both of these
ghells were used by the Indians of the coast ceremonially, and as material for the making of white
wampum, their money of inferior value, which consisted of bead-shaped sections of the central
column of the shell. From them, also, were fashioned sundry articles of service and ornament,
such as trowels, spoons, and dippers; they are sometimes even yet calted ¢ladle shells.” The
Indians ate the animals, too, when hard pressed for food, and have been followed in this practice
by the whites, to some extent. De Voe says they nsed sometimes be sent into Catharine Market,
New York, from Long Island, and found sale; “but,” he adds, “they are not generally relished.
being somewhat strong flavored. They are mostly nsed by the poor who live near the coast.”
Several foreign mollusks, not greatly different, are eaten--generally being boiled—and perhaps
proper eooking wounld make these Conchs more palatable than they have hitherto proved.

Under the name of “Drill” is included a numerous ciass of univalve mollusks, which are
carnivorous in their tastes, and armed with a tongue-ribbon so sha-pe'd and so well supplied with
flinty teeth that by means of it they ean file a round hole through an enemy’s phell,—a habit
which renders them of much account in the fisheries, where the victim they attack is the valaable
Oyster, as they are sadly prone to do. The mode in whieh the entrance is made has been clearly
deseribed by Rev. Bamuel Lockwood, as follows : -

“The tongue is set with three rows of teeth like a file; it is, in fact, & tongue-file, or dental
band, and is called by conchoelogists the lingual ribbon. . . . Having with the utmost care
witnessed a number of times the creature in the burglarions act, I give the following a8 my view
of the case: With its fieshy disk, called the foot, it secures by adliesion a firm hold on the upper
part of the Oyster's shell. The dental ribbon is next brought to a curve, and one point of this
curve, on its convex side, is bronght to bear directly on the desired spot. At this point the teeth
are set perpendicularly, and the cur ve, resting at this point, as on a drill, is made to rotate one
circle, or nearly so, when the rotation is reversed; and so the movements are alternated, uatil,
after long and patient labor, a perforation is accomplished. This alternating movement, I think,
must act favorably on the teeth, tending to keep them sharp. Tounderstand the precise moverment,
let the reader crook his forefinger, and, inserting the knuekle in the palm of the opposite hand,
give to it, by the action of the wrist, the sort of rotation described. The hole thus effected Ly
the drill is hardiy so moch as & line in diameter. It is very neatly countersumk. Tha hole
finished, the little burglar inserts its siphon or sucking-tube, and thus feeds upon the occupant of
the house into which it has effected a forced entrance. To & mechanic’s eye there is something
positively beautiful in the symmetry of the bore thus effected--it is so ¢ trne’; he conld not do it
better himself, even with his superior tools and intelligence.” |

These small #Spails,” ¢ Drills,” “Borers,” and *Snail-bores,” as they are varionsly ea]led,
belong to several specier of Natica, Purpura, Anachis, Astyris, Tritia, Ilyanasea, ete.; butibe master
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and most destruetive, as well ag most abundant of them all, is the Uresalping cinerea of Stimpson.
It is this which is the common “Drill” of the oyster-beds; and it is its eggs, Iaid in small vase-
shaped capsules, which are often found attached in groups to the under surfaces of stones.
Several of the small mollusks mentioned above lay eggs in this way, but the DrilPs capsules have
very short stalks, or are almost sessile, and are compressed with an ovate outline, while angular
ridges pass down their sides. The natnral home of the Drill is the tide-pools and weedy borders
of rocky shallows, where barnacles, hydroids, anemones, rock-loving limpets, and other associated
forms that find shelter among the algm afford it abundant food. Though this is precisely where
the Mussels grow till tho rocks are almeost black with them, it is said that they are never attacked
by the Drilis. _

The Urosalpina sometimes strays to the oyster-beds, but is usually carried there with the seed
supplies, and, finding plenty of nourishment, lives and increases, Though its multiplication is not
very rapid, it is fast enough to make it a very serious obstacle to success in the course of a fow
years. In nearly every case I was toid that formerly there were no Drills, hut now the oyster-
beds were overrun. This was reported in particular of the Great South Bay of Long Island and
at Keyport, New Jersey. 1 heard less of its ravages in New Jersey, except in the Delaware; hut
in Chesapeake Bay nearly every dredge-haul in any part of Maryland or Virginia waters hrings
them up. The Potomae seems to be the district least infested. Of eourse, in such nataral haunts
ag the rocky shores of Buzzard’s Bay and Counecticut they would be present if there were 10
Oysters, and are all the harder to dislodge.

Once having attacked an oyster-bed, they work with rapidity, and seem to make sadden and
combined attacks at considerable intervals, Their disappearance from certain restricted localities,
too, for a long time is unexplained.

What is the best way to combat them, or whether there is any hope of ridding the beds of
them, are questions often discussed by oyster-culturists. It is certain that a great deal of trouble
might be avoided if care were exercised in culling seed to throw out—uot into the water, but on
the ground or deck-—all the Drills, instead of earrying them fo one’s beds, deliberately planting
them, and then grumbling at destraction which previons care would have avoided. It wonld cost
less in point of mere labor, no doubt, to prevent this plague than to cure it when it became no longer
endurable, Some planters clean np pieces of bottom very thoroughly before planting, in order to
get all this sort of vermin out of their way, as well as to stir up the mud and fit it for the reception
of spat. Itis on hard bottom that Drills are especially troublesome, and here some planters go
over the gronnd with a fine-meshed dredge in order to get them up, but they fail to cateh ail.
This is done at Norwalk, Connecticut, I know, and the men who have steamers find in the celerity
with whieh they are able to accomplish this sort of work a great argument against any restrietion
to exclusively sailing-rig.

The Drill can be exterminated to o great extent, also, by diligently destroying its eggs. Smalt
boys might well be paid to search for them and destroy them among the weedy rocks by the shore
at low tide. A gentleman at Sayville, Long Island, assured me that in those years when eels
were plentifnl the Drills were kept down because the eels fed on their eggs. This gentloman said
in the Great South Bay the Drills were nearly conquering the planters, and bhe advised the
removal of all shells from the bottom of the bay, in order that the Drills might have nothing left
- ot which to place their eggs. This might do there, where there are no rocks along the shore and
the Drill is not native; but I doubt whether so sweeping a measure of protection could ever be

carried ont,
On the Pacific coast Gustrockema and various pholadiform mollusks are a great bane to the
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oyster-heds, but they penetrate by digging burrows wherein their whole shell is lodged. Where
large numbers of these are present, with the help of boring-worms and sponges, they may so
riddle o reef as to canse its entire disintegration under the first gale. A fourth borer is Purpura
lapillus, which is of interest in another direction. The famous Tyrian purple of ancieut days—
the regal dye that was deemed too splendid a color te be worn by any but kings and nobles—
was produced from u sea-snail, and conchologists have busied themselves to discover which
particular one.

In the works of Pliny and Aristotle, the earliest sourtes of knowledge on the subject, the
informnation is too vague to be relied upon. Dr. Roth, of Munieh, in a paper read before the Jeru-
salemn Literary Society, says that several years ago (previous to 1857) he found at Jaffa the
Purpura patule, sought as food by the Christiang during fast days: ¢ On puncturing this animal
there issued a greenish ligquid, which, when exposed to the sunshine, changed to purple, This
purple jnereased in brillinney when it was washed.” Comparing this with the accounts left by the
ancients, Dr. Roth thinks the color he produced is evidently their blue color, for they had a blue-
purple, a deep purple, and o red-purple. “Between Soor and Saida,” according to the same

- author, “the Murex truncatus, or frunenlus, is found in abundance, and its color is more brilliant
than that of the Purpura. One of these Murer in sufficient to dye a square inch of ¢loth, which
would require five individuals of Purpuwra patula. Wool takes the dye better than any other
subatance; silk takes it with difficulty.”

Linton, in his work * On Ancient and Modern Colours,” as quoted by Simmonds (¢ Commer-
cial Produets of the Sea,” p. 304}, states that the Purpure of the best description were chiefly found
on ihe rocks of Tyre, on the coast of Asin. They were algo collected at Mininge, on the Gretulan
shore in Africa, and on the coast of Laconia in Europe. The colors varied according to the
locality in which they were taken, and also according to the animal’s haunt, as has since been
proved by zoologists. Thus, when it lived among sea-weeds or mud the juice 1t contained was
comparatively worthless; when awmong pebbles its quality was improved s and the dye was best
when the food and surroundings were varied. Researches carried atill further proved that to
produce the richest and most costly dye which art could exhibit, the liquid must be used in
conjunction with that procured from other shell-fish. Just what the species were that were used
it is now impossible to tell, but they were allied to Murex and Buccinum, Niter, urine, water, salt,
and certain sea-weeds were also mixed with the Purpure liguor in compounding certain tints, “Ju
the reign of Angustus,” says Simmonds, ¢ one pound of woel dyed with the Tyrian purple sold for
about £36 sterling [about $175]. 'We need not wonder at this enormous price when the tedions
nature of the process iz considered, and the small gquantity of dye obtained from esch mollosk.
For fifty pounds of wool the aucients used no less than two hundred pounds of the liquor of the
Murex and one hundred pounds of that of the Purpura, being six pounds of liquor to one of wool ;
consequently the rich Tyrian purple fabrics vied in value even with gold.” o

The liquor was procured by placing the small shells in a mortar and eruashing them. Animaly
extracted from the larger shells were added, and also urine, pure water, or water in which purple
Snails had been allowed to putrefy. In this mixtore the cloth was soaked and afterwards ‘exposed
to the light, sometimes under the influence of warmth to acecelerate the process.

1t is said that the dyeing property is a transformation of urie acid into purpurate of ammonia,

called murexide. This is a splendid snbstance when pure, presenting in one direetion beantiful
metailic green reflections, and in others brown and purple tints. Some chemists assert that it is

' PETPSON : Utllization of Minute Life. London Groombridge & Sons, 1864, p. 144,
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to this substance that the irideseent plumes of humming-birds, pheasants, and peacocks owe their
wonderful brilliancy. Murexide is now obtained not ouly from mollusks, but from guauo, ete.

Dyes from mollusks have been obtained in all ages and almost all quarters of the world, and
not only our Purpure lapillus, but also another species which we slhiarc with (Great DBritain, the
Whelk (Buccinum undatum), have beeu the subject of successful experiments of this sort. If the
shell of Purpura lapilius is broken, there is seen on the Dack of the animal, under the sliu, &
slender, longitudinal, whitislt vein, containing a yellowish liquor. When this juice is applied to
linen, by means of a small brush, and exposed to the sun, it becomes green, blue, and puarple, and
at last settles info a fiue unchangeable ecrimson.” The housewives of New England therefore have
growing abundantly on their sea-side rocks little living bottles of indelible ink which cannot be
excelled by any manufactured product for either beaunty or durability, since ueither acid nor alkali
will affect: its color,

On the Pacific coast occur shells of the genus Olizelle, so called because they resemble small
olives, There arc three species, Olivella biplicata, 0. gracilis, and 0. dama. The first named of
these shells certainly, and possibly the other two, now and then were made into money by many
Califarnian tribes of Indians, which money cirenlated widely on tlhe Pacific slope. The eommon
Indian name for this Olivella money was ¢ colcol.” Tt was made by grinding off the apex or spire
of the shells in such a way that they could be strung. They are still used by some tribes in the
form of double necklaces as ornaments, but are regarded as of small value. Sometimes the shelt
was broken crosswise and ground into little disks which passed as coins. This money was very
ancient and widespread through aboriginal traffic in connection with other torms of shell-m oney to be
mentioned hereafter, and which the present writer has fully discussed in a paper on “ Wampnm”
contained in the American -Xat-ursi]ist,l to whiclt the reader is referred.

Cameos are articles of oruament made by carving portions of varions shells in such a way that
a raised figure of one color shall be relieved against a ground of another tint constituting the under
layer of the shell. These colors may vary—white on an orange ground, or on dark claret; pale
salmon-color on orange ; yellow on pink, ete. Anciently cameos were eut upon gems with immense
labor, but latterly this easier imitation in shell has alinost entirely superseded the intaglios in
onyx, agate, and jasper. The cameo artists live mostly in Loudon and Paris, and use several
species of large shells that combine a white erust with a naereous understratum of a different tint.
Two only of these shells come from Ameriean waters, and these only touch our coast in tropieal
Florida-— Cassix madagascariensis and Strombus gigas—the  Helmet-shell” and the “Conch.”

Of the Helmet-shell several sorts are used in cameo-cutting. Our American example (which
got its name, madagascariensis, throngh an error in regard to the loecality of the type-specimen)
has a blackish inner coat, called an “ onyx™ ground, and shows up white on a dark claret-color.
It is known to the trade as the Black Helmet, and is highly estecmed by cameo-cutters,

The Conch or Queen Conch (Strombus gigas) is of less account in cameo-making, hecause it
affords a less quantity of surface suitable for the work—a portion of its broad, rose-tinted Hyp.
Varions other ornaments are often made from this and other large shells by turning and sawing
with apacial machinery, and thus a large demand is created, which iz satisfied chiefly threugh
brokers in London and Liverpool. Just how many shells are sent to England annually it is
impossible to tell; but the amount reaches some tens of thousands. There is also a large
commerce in them both to Burope and to the United States to be used as ornaments alone, and to
be given away by grocers and tea-dealers to promote their custom. In the West Indies, and on

—

LAmerican Naturalist, xvii, May, 1883, pp. 467-479.
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many plantations in the Gulf States, the Conch is perforated at the apex of the spire, and forms
a horn, nsed to call workmen in from the ficlds and at dinner. From fragmeuts of this great
mollusk, also, the Indians of Florida and the Antilles made their most esteemed beads and
pendants. Cabeza de Vaca says that the columella of large Conehs were chiefly available for this
purpose. “These beads are more or less cylindrical or glebular, and always drilled lengthwise,
Some are tapering at both ends, resembling a cigar in shape, and were two and one-half inches in
length. The aberigines also made . . . pecaliar pin-ghaped articles consisting of a more or
less massive stem which terminates in a round knob.”

The Strombus enters, when ground, into the manutacture of porcelain; is extensively burned
for lime; and is carefully calcined for medicinal purposes. There is also derived from it a
secondary product of great value—the conch-pearl. When perfect, this pearl is described as either
round or egg-shaped and somewhat larger than a pea, of a beautiful rese-color, and watered, that
is, presenting, when held to the ligﬁt-, the sheeny, wavy appearance of watered silk. It is
however, very rare to find a pearl which possesses all the requirements that constitute a perfect
gem, and such proves an exceedingly valuable prize. Although many of these pearls are annually
obtained by the fishermen in the Bahamas, not more than one in twenty proves to be a really
good gem. Pink is the most common and only desirable color, although white, yellow, and brown
pearls are oceasionally found. Even amon g the pink ones there is usually some defect which marg
their beauty and materially injures them; some are very irregular in shape and covered apparently
with knobs or protuberances; others are foo small, while many lack the watering which gives
them their great value and chief beauty. Most of the conch-pearls have been sent to Londox,
and the demand for them is increasing; a fow come to New York.

Lunatia keros is very conspicuons along our coast, from the Gulf of Saint Lawrence to Cape
Hatteras or beyond, wherever sandy shores and pure waters are to Le found, and it is abundant
and of very large size on the vuater beaches of the coast of New Jersey. *‘When in motion the
white'soft parts are protraded from tbe shell to a remarkable extent and spread out broadly on
all sides, 80 as nearly to conceal the shéll; the foot is large, flat, and broadly expanded, with thin
edges, and by means of it the animal is able to burrow, like a mole, beneath the surface of the
sand.” This Snail, like many others of its tribe, drills round holes through the sides of varions
bivalve shells by means of the small flinty teeth on its ribben-like tongue, which acts like a Tasp,
and having thus made an opening it inserts its proboscis and sucks out the contents, All sorts of
burrowing bivalves in this way fall victims to this and its close ally, the Neverita duplicata. *Nor
. do they confine themselves to bivalves, bt will drill any unfertunate Gasteropods they may happen
to meet, not even sparing their own young.” Their usual haunts are away from the oyster-beds,
however, 8o that, although they are a familiar sight in the dredge, the harm they do fo this
industry is of small account.

Following this in the list come various small shells, such as those of the genera Littorina,
Rissoa, Melampus, and Bittium, of which it van ouly be said that they serve a very useful pnrpose a8
soavengers, swarming upon the mod exposed at low tide and greedily devouring carrion of fishes,
etc., which would otherwise decay and pollute both air and water. The same good service is done
by the small mollusks previously noticed as ¢ Borers,” and many following.

This brings vs to the beautifal family of Abalones, Ormer-shells, or Sea-ears, in which there is
a very large trade on the Pacific coast, under the industry of the Chinese there, to which will be
given & special chapter. '

In the Limpeta (Crepidula and Aomea) the oystermen consider they have a friend, ginoe when
they see these clustering upon their planted beds they look forward to & profitable harvest the
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eoming autumn. A Californian species {Fissurella aculeata) was nsed as money by some of the

native red men of the coast.
In respect to the odd pill-bug-like shells of the several species of Chifon of our eastern

shore I can say nothing; but in Bermuda a larger Chiton is gathered for sonp, and the broth is
said to be very good. The Bermudans also make use of that Chiton as a bait with whiclh to take
the large lobsters of the island, themselves intended to act as bait for fishes.

The sea surrounding Bermuda is of great transparency, and the fishermen can readily discern
the Yong horps of the lobster protruding from his hiding place among the rocks, at a eonsiderable
depth. The only plan by which they can get him, however, is to eniice him cut of his refoge.
To do this they mat together a gquantity of Chitons until they have formed a ball several inches in
dizmeter. To this they attach a string, and—having previously baited the bottom in front of the
lobster’s den and left him to enjoy it until his confidence was captured—let the ball dangle before
Lis nose. Thinkiug this only a larger tidbit, he seizes it, and, to his amazement, is swiftly drawn
up to daylight und tern to pieces to form a lure for equally nnwary fishes.

‘ These shells have been called by different names, all, however, indicative of their ferm, such
as < Wood-louse,” ¢ Sea-boat,’ ¢ Rattle-snake’s Tail,” ¢ Lobeter’s Tail,’ ¢ Sea-bug,’ and ‘ Sea-caterpillar.’
The French say that the animal may be eaten, and we are told that the Iceland fishers swallow it
raw to guench thirst, and pretend that it is goed, also, against sea-sickness.” The American
Indians of the Northwest coast, South Sea Islanders, and other savages find the Chiton acceptable
as food.

In Melamprus bidentatus we have a small shell which swarms upon the mud and among the
eel-grass, affording food to many fishes and acting as a scavenger of the marshes. In addition to
this, it has a place in these remarks because it belongs to the division of air-breathing meollusks,
and introdueces not only the ifresh-water shells Limnea, PPhysa, Planorbis, ete.. that feed the inland
fishes, but also the edible land 8nails. To these latter interesting mollusks 1 lately devoted a
chapter in my * Friends Worth Knowing,”! from which 1 gquote whatever applies to the present
purpose:

i Snails, being great eaters, meet their just reward in being eaten. The paludine forms are
songht after by all sorts of water birds, particularly ducks and rails; while the throshes and
other birds crush the shells of the land Snails and extract their juicy bodies. The woodland
birds, however, will not eat the naked-bodied Slugs: the slime sticks to their beuks and soils their
feathers; but the ducks seem to have no such dainty prejudices. Some mammals, like the
raccoons and wood-rats, also eat them ; insects suck their juices, and the carnivorous Slugs prey
upon one another. Lastly, man, the greatest enemy of the brute creation, employs several species
of Snails for culinary purposes. By the Romans they were esteemed a great luxury, and portions
of plantations were set apart for the cultivation of the large, edible Helir pomatia, where they
were fattened by the thousand upon bran soddenin wine. I'rom Italy this taste spread th roughont
the Old World, and colonies of this exotic species, survivors of classical ‘ preserves,’ are yet found
in Great Britain whe-~ *“a Roman encampments were. They are still regarded as a delicacy

"in Italy and France, the favorite method of preparation being to boil in milk, with plenteous
seasoning. Frank Buckland says that several of the larger English species are excellent food for
bungry people, and recommends them either boiled in milk, or, in winter, raw, after soaking for
an hoar in salt and water. Some of the French restaurants in London have them placed regularly
upon their bills of fare. Thousands are eollected annually and sent to London as food for
cage-birds. Dr. Bdward Gray stated, a few years ago, that immense quantities were shipped

—_—
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alive to the United States ‘as delicacies’; bnt I am inclined to consider this an exaggeration
growing cat of the fact that, among our fapcy groceries, ‘a few jars of pickled Suails, imported
from Italy, fignre as a curiosity, rather than sometbing needed for the table.  The same anthor
records shat the glassmen at Neweastle once a year have a smail feast, collecting the animals
in the fields and hedges on the Banday before.

“Mr. W. ;. Binney, for whem a sirap of Spaiis was prescribed by two regular physiciang ig
Paris in 1863, peints gat how old ig the Lelief that land mollusks possess valnable wmedicinal
gaalities. In the Middie Ages the radimentary shell of the Blag acquired a high rank among the
numerous bezoars and amulets which were supposed to protect the body from evil influences, and
to impart health and activity. The acceunts of these virtues, copied from one suthor to anpther,
have perpetunted the early saperstitions nntil it is difficult to evercome them by the light of the
present day, wheq, even in England, Snails are supposed to possess a useful power in cases of long
trouble. A full relation of ali the absurdities which gaired credevee would form & curious and
marvelous page in the history of credulity. They have, also, from very early times, been vsed in
the preparation of cosmetics; and ne longer than two or three centuries ago ihe water procured
from them by distillation was mueh celebrated, and employed by ladies to impart whiteness and
freshness to the complexion, Finally, T hear fhat there is celebrated in Rome, even now, 2
midsummer festival, upon which oceasion all family fends may be made wp, or any differences
botween friends easily sdjusted, sinve that is the spirit of the day; and a sign or token of this
renewed friendship and good-will is the present of a Bnail from one party to the ofher, or an
exchange of mollusks betweeu them. The symbolism and virtue reside in the alleged amijcable
infiuence of the head and ‘horns'—why, perhaps cemparative mythologists may De able to tell us.

“Tu this country no such faunciful notions have ever gained credence. The Snails are too
habitnally bitdden o attract the atiention of any bot a few; and even when their existence is
krtown, they are anfortunately regarded with such a disgust as would preciude any acceptance of
them, either for food or medicine.”

In Thomas De Yoe's *Market Assistant,” p. 312, is the following information, which refers to
about the year 1860: # From the French journale we learn that there are {fifty vestaurants and
more thap twelve hundred private tables in Paris where Bnails are accepted as a delicacy by from
eight to ten thoasand consumers. The market price of the great vineyard Spails is from 2 franes
50 centimes to 3 frapcs B0 ventimes (47 to 66 cents) per hundred, while those of the hedges, woods,
and forest Lring onrly from 2 franes to 2 franes 25 centimes (38 0 43 cepts). BSpails are, and have
been for several years, imported [into New York] from Earape, Lut are principally used by
foreigners. They are generally stewed after baving been nealded out of their shells”

The custom-honse connts this imnport ameny “faney groceries,” so that no separate recorid is
obtainsble of the amouent consnmed, In the case of several of the large Southern species, such a8
the Apple-suail (Ampularia), the Bulimi, and the large pond Snails, their remains in the shelb
heaps show that in prehistoric time they formed a regular part of the food of the red men. The
SBomincles, of Florida, and various pative races west of the Boeky Mountains, eat them yet.

207. THE WING-SHELLS-PTEEOPODA.

The Pieropods, or wing-footed wmioliusks, are n small group which swim freely thronghoet the
broad ccean. Their shells are of small size, fragile, and semi-transparent. They form, therefore,
available food for a large number of surface.feeding fishes, and particniarly of the cetacea; the
right whale, indeed, is suid to live almost wholly upon certain species of them which abound in
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arctic seas and awarm near the surface at night, so that he need only drop bis jaw and engulf
them by the hundred in his capacious mouth as he swims along with his head half out of water.
Probably the same thing is true of the other bal®noids.

208. THE TUSK-SHELLS —S0LENOCONCHA.

The class depominated in Professor Verrill’s Check List Solenoconcha inocludes only one
mollugk that may concern us at present— Dentalium. This mollask (chiefly I pretiosum) occurs
all along the northern Pacific coast of America, and is known to Americans as the ¢ Tusk-ghell,”
to Russians as “Sookli,” and to the Alaskan Indians as #“Hya-qua.” Irom Northern California
all the way to the arctic regions the coast tribes collected this shell, polished it, and arranged it
on strings as money—a cirewiating medium of trade, similar to the wampum of the eastern coast.
There were certain rules as to fineness, arrangement, size, and measurement, which deeided the
value of the shells before and after stringing; and so useful was this alloeschick, as the Califoruia
Indians called it, that the Hudson’s Bay Company and other traders adopted it as current coin
in their buying and selling of peltries and provisione.

The strings of Dentalia were also worn as necklaces by the women, or twined in the hair of
both sexes; as trimming for garments, and ornaments for horse-trappings and the equipments of
war and the chase. Among other methods of cmploying them to enhance personal charin was to
insert two of them, point to poiat, from opposite sides, through a perforation in the partition
which separates the postrils, whiclh decoration wag further increased by sticking a bright feather
in the large end of each of the hollow shells. This money is going ont of use now, and only the
old Indians, couservatois of ancient customs, attempt to hoard it up. A full account of it may be
found in the article upon * Wampum? already alluded to, printed in “The American Naturalist”
for May, 1883,

200. THE BIVALVES-.LAMELLIBRANCHIATA,

It is in the class of plate-gilled or lamellibranchiate mollusks, more popularly known ag
“bivalves,” that we find the most examples of direct ntilization by man, or immediate coniribu-
tion to the fisheries. Bivalves are widespread and well-known, They afford luxuries as well ag
s6lid nourishment for onr tables, enter largely into manunfactured products, serve as ornaments,
and are so beloved by food-fishes generally that they are useful as bait,

The partial list of bivalved mollusks that are ascertained to enter into the diet of Ameri-
can food-fishes includes ihe following, mainly from the northern Atlantic coast as in ibe case of
the pasteropods, and is instructive as showing how extensively fishes depend upon melluscan
food :

Ensatella americana, Crytodaria siliqua, Mya arenaria, Spisula ovalis, Macoma sabulosa, Angulus
tener, Petricola pholadiformis, Venus mercenaria, Cyprina islandica, Cardiuvm pinnulatum, Cardivm
islandicum, Cryptodon Gouldii, Venericardia borealis, Astarte quadrars, Nucula provima, Nucule
tennis, Yoldia limatula, Yoldia sapotilla, Yoldia myalis, Yoldia thraciformis, Leda tenuisuloata,
Arging pevata, Mytilus edulis, Modiola modiolus, Modiolaria discors, Crenella glandula, Pecten
tenuicostatus, Pecten islandious, Pecten irvadians, and Ostrea virginica; to which must be added
Unio, Anodonta, and other fresh-water bivalves, aud the brachiopods Rhynconella psittacus and
Terebratulina septentrionalis. '

In this Nt many species are of importance otherwise, and some worth notice, although not
fed upon by fishes, are not mentioned ; the first to be named in this latter class is the dreaded
Bhip-worm (Teredo), of which there are seven species in the United States:
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Teredo navalis, Linné, Cape Cod to Flerida; Sweden fo Sicily.

Teredo norvegica, Spengler. Oape Cod northward.

Teredo megotara, Hanley. Massachusetts Bay to South Carolina.

Teredo dilatate, Stimpson. Massachusetts to Bouth Carolina.

Teredo Thompsoni, Tryon. Cape Cod, Massachusetts.

Xylophaga dorsalis, Forbes and Hanley. North Atlantic.

Xylotrya fimbriata, Jeffreys, Long Island Sound to Florida ; British Columbia; Europe,

The most commoniy observed of these is the Teredo navalis. This is the same species that has
attracted so much attention in Furope, during nearly two centuries, on aceount of the great
damage that it has done, especially on the coast of Holland. Its history has been reviewed at
length by Professor Verrill in his ¢ Inveriebrates of Vineyard Sound,” from which the present
account is principally derived.

¢ Although popularly known as the ¢ Ship-worm,’ these creatures are not at all related to the
worms, but are true mollusks, quite nearly allied, in many respects, to the common ¢ Long Clam»
(Mya) and to the Pholas. Like those shells, the Teredoe excavates its holes or burrows merely for
its own protection, and not for food ; but the Teredo selects wood in which to form its holes, and
when these have been excavated it lines them with a tube of shelly material. The holes are very
small at the surface of the wood, where they were formed by the young Toredos, but they gradually
grow larger as they go deeper and deeper into the wood, until they sometimes become ten tnches
or more in length and a quarter of an inch i diameter; but the size in generally not more than
half these dimensions. The holes penetrate the woed at first perpendicularly or obliguely, but if
they enter the side of the timbers or planks across the grain the burrows generally turn horizon-
tally in the direction of the grain a short distance beneath the surface, unless prevented by some
obstruction, or by the presence of other toredo fubes, for they never creoss the tobes of their
companions or interfere with each other in any way, and there is always a thin layer or partition
of wood left between the adjaceni tubes. It is, however, not necessary that they should follow
the grain of the wood, for they car and do penetraie it in every direction, and sometines not niore
than half the tubes run in the direction of the grain, and they are often very crooked or even
tortwous. They rapidly form their burrows in all kinds of our native woods, from the softest pine
to the hardest oak, and although they usually turn aside and go around hard knots, they are also
able to penetrate through even the hardest knofs in oak and other hard woods. The Teredos
grow very rapidly, apparently attaining matority in one season, and therefore, when abundant,
they may greatly damage or completely destroy small timber in the conrse of four or five months,
and even the largest piles may be destroyed by them in the course of two orthres years.

“When removed from its tube the animal is found to have a very long, slender, smooth, soft,
whitish body, tapering somewhat toward the outer or posterior end, which has a museular, circularly
wrinkled eollar, by which the animal is, when living, attached to the inside of the shelly liniog of
its tabe. To the inside of this collar two shelly plates, known as ths ¢ pallets, are attached by
their slender basal prolongations; their outer portions are broad and flat, and more or less
emarginate or two-horned at the end. These are 30 connected with the musecles that when the
animal withdraws ita tubes into its hole the free ends of these pallets are made to fold together
and close the opening, thus serviug as an operculum to protect the soft tubes against enemies of
all kinds. Between the bases of the pallets arise the siphonal tubes, which are soft and retractile,
united together for half their length or more, bat separate and divergent beyond ; they are nearly
equal, but the ventral or branchial tnbe is perhaps a little larger than the other, and is fringed
with a few small papiile at the end. The tubes are white or yellowlsh, sometimes speckled with
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reddish-brown. At the auterior end of the Dody, amd farthest from the external opening of the
bole, is seen the small but elegantly sculptured white bivalve slell. The shell covers the mouth
and palpi, liver, foot, and othier important organs. The foot is a short, sfout, muscular organ,
broadly troncate or ronuded at the end, and appears to be tlie organ LY means of which the
excavation of the burrow is effected. The shell is covered Ly a delicate epidermis, amd probably
does not asgist in rasping oft the wood, as many have sapposed. The gilla are long and narrow,
inclosed mostly in the naked part of the body, and are reddish-brown in color.

“The Teredos obigin their mieroscopic food in the same mwauner as other bivalve mollusks, viz,
by means of & current of water constantly drawn inte the branchial tube by the action of vibrating
oilia within; the infusoria and otlier miuvute organisins are thus carried along to the mouth at the
other end, while the gills are supplied with oxygen by the same cuwrrent; the retura current
passing ot of the dorsal tube removes the waste water from the gills, togetiier with the faces
aml excretions of the animal, and also the particies of wood which have been removed by the
excavating process.

“ Ag the animal grows larger the burrows are deepened, the lining of shelly matter increases
in length and thickness, the shell itsclf and the pallets increase in size, and the terminal tubes
grow longer. Buat as the orifices of the terminal tubes must necessarily be kept at the external
opening of tlie burrow, the museular collar at the base of the tubes constautly recedes trom the
entrance, and with it the pallets; at the same time inbricated layers of shelly matter arc usnally
deposited in the upper end of the shelly tube, which are sapposed to aid the pallets in closing the
aperture when the tubes are withdrawn. When the animal Lias completed its growtls, or when it
has encountered the tubes of its eonpanions and cannot pass them, or when it approaches the
exterior of a thin piece of wood and cannot turn aside, it forms a rounded or cup-shaped layer
of shelly matter, continuous with the lining of the tubes and closing np the burrow in front of
ita shell. Sometimes it retreats and forms @ second partition of the same Kind.

“This species produeces its young in May and probably through the greater part or all of the
summer. The eggs are exceedingly numerous, probably amounting to millious, and they are
retained in the gill-cavity, where they are fertilized and undergo the first stages of their develop-
ment. The embryos pass through several eurions phases during their growth. In one of the
early stages they are covered with fine vibrating cilin, by means of which they ean swim like
cilinted infusoria; later they lose these cilia and develop a rudimentary bivalve shell, wlich is at
first heart-shaped, and the mantle begins to appear and lurger retractile cilin develop upon its
edge, which serve as organs for swinuning ; but at this period the shell is large enongh to cover
the whole body when contracted. Tn this stage they swim actively about in the water; later the
cilia become larger, a long, narrow, ligulate foot is developed, by means of which they ean creep
abont and atiach themselves temporarily to solid objects; the shells become roander, a pair of
2ves and orgaus of hearing are developed. After this the little animal beging to elongate, the
loeomotive cilia are loat, the eyes disappear, and the mature form is gradually assuwmed. These
Foung Teredos, when they finaily locate upon the surface of wood-work and begin to make their
burrows, are not larger than the head of a pin, and eonsequently their holes are at first vory
minute, but owing to their rapid growth the holes quickly become kurger und deeper.”!

This species is very abundant along the southern coast of New Eugland, from New York to
Cape Cod, wherever snbmerged wood-work, suuken wrecks, timber buoys, or floating pieces of
dritt-wood occur. Ilt. also infests the bottoms of vessels not protected by sheathing, At Province-
town, Cape Cod, about forty feet of the end of the steamboat wharf was so weakened by its

: i Report, U. 8. Fish Commission, part i, 1873, pp. Jrd-206.
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borings that it completely gave way under a ship-load of merchandise stored upon it. This peat
is not confined to pure sea-water, but occurs in the piles and timbers of wharves in harbors that
are not ouly brackish, but also muddy and contaminated with sewage. Capt. B. J. Edwards
told me that formerly when the eedar channel buoys in Buzzard’s Bay, Massacbusetts, were not
taken np they would last not more than two years, owing chiefly to the attacks of this Teredo;
but under the present system there are two scts of buoys, which are alternately taken up and
put down every six months, After a set has been allowed to dry thoroughly they are seraped
to remove the barnueles, ote., and then receive a thorough coat of verdigris paint each time
before they are put dowun. With this treatment they will last ten or twelve years, but they
are more or less perforated and injured every year, until tinally they become worthless. This
statement does not apply to the spar-buoys, whick are taken up only once a year, in April
and May. Captain Edwards says that the Teredos wounld destroy an unpainfed spar-bmoy in
one year, but when painted with verdigris they will only work where the paint becomes rabbed
off. They first attack buoys or piles just below the water™ edge, but eventunally will destroy
the entire subinerged wooden portion. Commenting upon this information, Professor Verrill says:

“Tnusmuch as the Teredos produce their young all through the summer, and they develope to
a very large size in one season, it is evident that the Dest time to take up the buoys would be in
midsummer, before the early crop of young have grown large, and leaving too little time for the
later erop to become targe, in the buoys thus put down, before winter, when most of them would
probably be killed by the ecold weather. In this way the damage might be materially diminished,
it not incounsistent with the other duties of the officers of the vessels employed in this service.
There are, as yet, no means of estimating the extent of the damage done to our wharves, shipping,
ete,, by this and the varions other species of Teredo found on our coast, but, judging from their
abundance along the whole coast, it is mueh greater than is generally supposed,

“The Teredo navalis is also abundant en the coasi of Euarope, from the Mediterranean and
Black seas to Christiania and the coasts of Great Britain. Tts habits have been guite thor-
cughly investigated by several Dteh anturalists, ewing to the great damapge that it has done
on their coast, at times even threatening a general inundation of the country by desiroving the
wood-work of the dikes. This Teredo oceupies a zone of considerable breadth, for it often lives
considerably above low-water mark, and extends several feet helow it, even to the depth of four-
teen feet, uccording to some writers.

“ The best remedies in common use to resist or prevent its attacks are copper sheathing, used
chiefly on vessels; broad-headed nails, ¢losely driven, used for piles and timbers; creosote and
coal-tar, frequently applied. The various poisonous substances that have been applied to timber
for this purpese, however useful they may be in other respeets, have little or no effect on the
Teredo, for it does not depend upon the wood for its food, and even protects its body externally
with a layer of shell, lining its holes. The only remedies that are likely to succeed are those
caleniated Eo prevent the lodgment and entrance of the young ones beneath the surfauce. Even
creosote, thoronghbly applied unuer pressure at the rate of ten pounds per square footf, has been
found insnfficient to prevent their attacks, for piles thus treated at Christiania were found by Mr.
Jeffreys to be filled with the Teredo within two years after they were put down. '

‘ Beveral otber species of Teredo also oceur on this coast. The Teredo megotara has been found
in floating pine wood at Newport, Rhode Islang, and in cedar buoys, ete., at New Bedford, Massa-
chusettys; a8 well ag in Massachusetts Bay, at Provincetown, and other places; it is also found as
far gouth as Sonth Carolina at least. This species sometimes grows to a large size, forming tnbes
at least eighteen inches long. It sometimes oceurs, alao, in the piles of wharves in this Tegion.
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[Vineyard Sound, Massachusetts], The Teredo Thomsoni has been found in great numbers in
the marine railway and also in cedar buoys at New Bedford. It iias also been found at
Provincetown in a whaling-ship that had cruised in the West Indies.

“The Xylotrya fimbriate is very similar to the common Toredo, except that it has long, oar-
shaped pallets, with slender stalks; the blade is flattened on the inside and convex externally,
and consists of ten to twelve or more funnel-shaped segments which set one into another; their
margins project at the sides, making the edges of the blade appear serrated.  This species appears
to be indigenous on this eoast. It has been found living in a sunken wreck in Long Island Sound,
near New Haven, and 1 bave alse taken it from the oak timbers of a vessel, the “Peterhoff)?
employed in the blockading service, doring the late war, on the coast of the Southern States. It
grows to a rather large size, often forming boles & foot or more in length and a quarter of an inch
in diameter, thonigh nsually swaller. The pallets are sometimes half an inel long.”

Less likely to be mistaken for worms, but equally clever at boring, is a group of shells called
Pholads, from the Greek word pwléfw, larking. They perforate all substances that are softer than
their own valves, and some that seem o be Larder. Woodward says: “If is to be remarked that
the condition of the Pholades is always related to the nature of the material in whielt they are
found burrowing; in soft sea-beds they attain the largest size and greatest perfection, whilst in
hard and especially gritty rock they are dwurfed in size and all promineat points and ridges
appear worn by friction,” The Pliolads have white shells, generally very thin but lLard apd
strong, and adorned with rasp-like sculpture. It was supposed forinerly that the excavation wus
made by twisting and moving this rongh shell in the burrow; bat the musealar, club-shaped foot
iz no doubt the instrament of abrasion.

We have npon the east coast three species, but none of themn are of practical importanece,
They might become available for food, however, sinee the same mollusks are eaten in the southern
counties of England, where they are called “Piddocks,” and some cousins (Zirphea cvispata,
Plarydon cancellatus, ete.) are esteemed delicacies ou the coast of California under the name of
“Date-fish.” Other west-coast species (Navea, Gastroch@na, etc.) are enemies of the Qyster,
Abalone, and other mollusks which themselves have a eommereial importance, sinee they burrow
into their shells and so ruin them for serviee to man. There is, nevertheless, an attendant
advantage in this, since in a state of nature the Pholuds thus hreak to pieces and tend to level
reefs thut would prove obstructive to navigation, particlarly in the case of coral banks. When
the ohject leveled is an expensive dike or breakwater, however, the result is exactly reversed, as
it is very likely to be where man’s arts attempt to change the natural arrangewent of things.

Our Razor-shell (Ensatelle americana) is frequently used for food in Durope and in New
England, and its valves have occastonally been applied to artistie service. It passes uvder the
various naines of “ Razor-fish,” « Razor-clam,” ¢ Kuife-baudle,” ete., and is enticed from its sandy
burrow by sprinkling salt upon the sand nnder which it lies, or is rooted ont with a spade.  John
Josselyn, Gent., records that its « shell, calein’d and palveriz’d, is excellent to take off a pin aud
web, or any kind of filme growing over the eye” The Californian Razor-fish (Siligua patule) is
also edible.

Next upon the list comes the ¢ Soft Clam,” “ Long Clam,” or & Namninose ™ (Mya arenaria),
dear to New Englanders and only less numerous than the Hard Clam in the warkets of New York
and Phi]ad-elphiﬁ-. Thig Clam lives just beneath the surface of the sand and mnd above low-water
niark, and is easily dug out with a hand-shovel. A very large cluss of persons all along the shore
Tromn Maine to Delaware derive their living wholly or in part by digging it and shipping to city
markets, - This is chiefly the case north of New York, however. On the northern coasts of New-

o Mnanke
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England immeuse quantities ot this bivalve are collected and salted to be used as bait in the
cod fishery. Statisties aml a full discussion of the habits and artificial colture of this Clam will
be found in the speeinl chapter devoted to the Clams.

FWashed up by storws firom the deep sands—down at least to ten fathoms below the low-water
line—and lLence known as the * Beach,” # 8Bew,” or ¢ 8arf” Clum, the huge Spisula solidissima
tfurnishes oceasional repasts to the dwellers along the whole Atlantie shore. It is chiefly eaten in
Massachusetts, however, and its flesh is tough and by some persons cousidered unwholesome. It
is often cast up in such great quantities as to becomne available for manure, mixed with various
other marine animals of all sorts and sizes and much sea-weed. The large, smooth, white valves
are collected in considerable quantities to he decorated inside with pictures in oil or India ink,
whiclt are again sold in the pictare stores, oftem for a good price. This Clam is also preserved as
bait. On the Pacific coast an allied species (Spisule falcata) serves the various purposes to
which the eastern one is applied, _

Following this eomes the Quahaug {Fenus mercenaria), which is kuown in the markets as
¥ Hard Clan,” ¢ Round Clam,” or, i New York, simply * Clam.” From Cape Cod to Florida it is
very abundaat, but must be gathered by raking, since it does not barrow in the shore-sanda like
the Soft Clam. A commerce still larger than in the case of the Soft Clam is earried on with
thix species as bait, and also for food, in which respeet it ranks next to the Qyster in the United
Btates.

On the Pacific coast—where eastern shell-fish are constantly sent for transplantation and for
immediate consamption—there are varions bivalves used as food, such as Semele degise, the * Flat
Clam”; Macoma nasufa, the “Tellens,” of S8an Francisco; Schizotherus Nuttalli, the ““Gaper”;
Chione succinota, and allied species, which replace eastern * Liltle Necks”; and Saridomus aratus,
to relish which was learned trom the Indians.

Lu regard to this latter mollusk (Saxidomus aratus) it is interesting to note rhat its shel was
broken into pieces by the Indians of the California coast and worked into flat, circalar disks by
rubbing upon stone. Highty of these diaks struug upon sinews werse in recent use by the Indians
of Lake Counnty, California, as a medinm of exchange in trade, and were valued at one dollar. In
Bonoma Conuty Sewxidomus gracilis seems to have served the same purpose.

Anotlier form of aboriginal money was made from the valves of the pondercus Hen Clam of
southern California (Pachydesma crassatelloides), already mentioned. This money was called
% hawok,” and took the shape of perforated disks which conld be strung as beads. The larger
pieces, according to Stearns, were worth twenty-five cents; and were cut trom the thicker parts
of the shell; while the thinner portions supplied beads worth only four cents each. Further
informution will be found upon this in my magazine article above referred to.

The Pachydesma and its neighbor, the Cardium Nuttalli, are considered edible Ly the west
coast peeple; but on the Atlantic shore, where occur several large species of #Cockle” (as the
members of the genera Oardium, Astarte, Venericardia, aud the like, are called), they are rarely or
never used as fuod. This neglect seems curious, since thie mollusk is eaten in great abundance in
England, and may be bonght everywhere in London during sammer. * Prodigious guantities of
this shell-fish are also consnmed in Holland, where their cheapness recommends them to the
common people as & principal article of food during the winter.” In New England Cyprina islandice
is eaten now and then, but bears a poor reputation in comparison with the Quahaag, In the
Southern States the large ¢ Painted Clam ” (Callista gigantea) is equally available as food, and the
Guathodon cuneatus of the Gulf of Mexico is already an article of diet, as well as useful i road-
makiag, to which utility many other mollusks wntnbute in all sea-.shore towus. :
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These thick-shelled bivalves disposed of, a large group of thin-shelled mollusks deserve
notice. Foremost among these are the Musgels, which are of several kinds.  In Europe the Mytiius
edulis (which is not different from our commnen Black Mussel of both the east and west coasts) holds
an important place among seafoods. In 1873 the mnssel Gishery of France alone was worth over
800,000 franes (8160,0000. In that country they are regnlarly bred in inclosures of sea-water,
upon frames and hanging ropes construeted for the purpose, and many persons are employed.
In England, Scotland, Ireland, along the Mediterranean, in the West Indies, snd along the whole
eircamference of Bouth Aaqperiea, edible speeies of one name or apether pyrow,  Our Mytilus edulis
is circumpolar in its distribution, and is excessively numerous at all rocky points suitable fur its
growth. In New York it is piclkled in karge quantities and shipped throughont the interior of the
conntry, Tts shellrs are extensively used by oyster-planters as a cultel upon which to cateh yonng
Oysters, amwt when polished are wade into paint-holders for artists atd varions wrticles of hijouterie
and personal ormament. The Awerican Tudians and tlhe native New Zealanders nsed them as
tweezers in pulling out their beards,

Mussels of a different sort are the Modiola plicatuia, the Wodiola modiotus, the Modiola hamntus,
and Modiola capax: the first two are of the northern Atluntic, the third i« more =zonthern. and
the fourth a native of Californin. There are sometimes eaten, but are not considered so good as
the M. edulis. On the coasts of New Jersey and Long 1sland, however. incredible quantities are
gathered from the banks at the inlets through the onter heaches where they grow, and are spread
upon gea-shore farms us manure. In gathering this fertilizer a large nminber of vessels and men
find irregnlar employmnent at times when they would otherwise be idle,

Another important bivalve in @ commereinl way is the Seallop, fisheries for which flonrish in
Long Island Sound, Narragausett Bay, and elsewhere. Large fleets of vessels are engaged in
sumwmer in dredging for these shiell-fish., The powerfal central musc-.lcj Iy whiel the animal opens
and closes its shells forms the edible portion, the rest Deing disearded, These white fragments are
to be seen piled wpon platters or strung in strings as a constant delieaey in all our markets.  The
ecommon Seallop of commerce is the Pecfen irradions. Years ago the very large species, Pecten
islandicus, an inhabitant of Eastern Maine and the Bay of Fuady, nsed to be obtained, and was
highly prized for its flavor, but it lias long been too rare to serve any purpose other thauw asa
curiosity to eonchologists. A more common and usefu] species, north of Cape Cod, is Pecten tenui-
costatys, which supplied the Indians with a culinary instrmnent, and is good foed.

“Scallop shells wers formerly worn by pilgrims on their hat or the cape of their cont. as a
mark of their having crossed the sen for the purpose of paying their devofions af the Loly shrine
in Palestine ; in commemoration of which they are stitl preserved in the armorial bearings of many
familiss of distinction whese aneestors had performed that cercmony. From its nse by cooks
now, this shell has given the name to ¢ sealloped’ Ogsters, In early times, when plates and drink-
ing-vessels were not so plentifnl as they are now, the coucave or hollow valve of the Scatlop merved
a8 & cup, and the flat valve for & plate. The idea has even been earried ont by aar pottery man.
ufacturers, and plates and dishes have been molded after the forms of bivalve shells. Reticules,
needle-books, pincushions, and other articles are made by shell-dealers with the seallop ghell.”

‘Of both the Scallop and the Mussel 2 special account will be given in another place, con-
sidering the value of cach commereially.

The fresh-witer bivalves belonging to the large family of the Unionide on rrht not to be
omitted in this review. To the raccoon, otter, muskrat, and many other w ammals and birds, as well
a8 to the fishes, they are a steady source of food. Observing this, the Indians adopted them from
the earhest prehlstonr times as edible, and enormous heaps of shells upon the banks of many
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of owr interior rivers, especially in Pennsylvania, the Ohieo Valley, and the Southern States, show
how extensively and constantly they were sought. White men occasionally eat them, and in case
of extreme bunger would perhaps proneunce a rousted Unio or Anedoria good. Some years ugo &
great Tarore wus created by the discovery of a fine pearl in one of the Unios of North (Carolina—a
thing likely to happen in the case of any of them, since they have an interior which is often as finely
nacreous a8 that of the Mother-of-pear] Oysser of the Gulf of California. Hundreds of persons
immediately began searching the rivers all over that region, and total extirpation of the poor Mus-
sels was prevented only by the diseonragement of finding few pearls and these of insignificant
size. It is probvable that from the heavier species, in captivity, good pearls might be obtained
artificially by following the plan pursued by the Chinese with their sea IPearl-oyster. The experi-
ment is worth tryiog.

Bhells of fresh-water Massels are frequenily worlced up into pocket-books and other fancy arti-
cles, us in the case of the Mytilus. When the brown epidermis is removed a beautiful iridescent
polish is obtajinable, There are almost ianumersble variotics of these fresh-water Mussels, and
full ¢cabinets have a considerable value.

The manutacture of jewelry and shell-Bowers consumes large guoantities of small shells and
and the polished opereula of large ones, chieflv derived from Florida. It is said that in London
abont u million of the commoner sorts are sold to street-seliers and country peddlers, who retail
thent to be made into fancy work and as objects of curiosity. The same thing is frequently seen
in the United States, though more commonly in the shape of the traveling dealer who brings
a large and varied stock to a ecountry town, bires a shop for several weeks, aud sells his shells
mainly by auction.

The spread of commerce and improved facilities for dredging bave made apecies once rare now
common; but astouishing prices, reaching hundreds of dellars for a single speeimen, in some eases
were paid by owuers of eonchological cabinets for rare species half a century ago. This stimulated
research and distribated mueh money mmong sea-side collectors. Even now dealers in objects of
of uatural history derive a large profit by importing shells whose ounly value is their scientific
importance; while the institutions devoted to their study and the books to which an interest in
conchology have given rise are entitled to a money estimation not to be despised.



X.—A CONTRIBUTION TO THE LIFE-HISTORY OF THE OYSTER.
(Ostrea virginica, Gmelin, and 0. edulis, Linn.)
By Joaxw A. RYDER.
210. OUTLINE SKETCH OF TEE COARSER ANATOMY OF THE OYSTER.

The gencral structure of an Oyster may be roughly represented by & long, narrow memorandum
book, with the back at one of the narrow ends instead of uf one of the long ones, The eovers of
suel a book represent the two shells of the Oyster, and the back represents the hinge, or the
area wlere the two valves of the shell are fastened together by the hinge ligament. This lipranent
s an clastie, dark-brown stracture, which is placed in such a reluation to the valves of the shell
that it tends to throw their free ends w little apart,  In order to understand its mavner of working,
open the memorandum book and place Detween its leaves, close to the back, a4 simall picee of
rubber to represent the ligament. It the free ends of the sover are pulled togeiler the rubber
will e compressed und will throw the covers apart as soon as they are loosencd. The ligament
of the oyster-shell tends, by its elasticity, to keep the shell open at all times, and while the
Oyster is Iying nndistarbed upon the bottom, or when its muscle is cat, or when the animal is
dyivg or dead, the edges of the shell are separated a little.

“The shell is lined by a4 thin membrane, the mantle, which folds down on each side, aud may
be compared to the leaf next the cover on each side of the hook. The uext two leaves of each
side roaghly represent the fonr gills, the so.called *beard’ of the Oyster, whiel: hung down like
leaves into the space inside the two lobes of the mautle. The remaining leaves may be compared
to the body or visceral mass of the Oyster. )

“ Although the Oyster lies npon the bottom, with one shell above and one below, the shells
are not upon the top and bhotfomr of the body, but upon the right and left sides. The two shells
are gymmetrical in the young Ogsster, but afier it Decomes attached the Jower or attached side
grows faster than the other, and becomes deep and speon-shaped, while the frec valve remains
nearly fiut, In neariy every case the lower or deep valve is the left, As the hinge marks the
auterior end of the body, an Oyster which is lield on edge, with the hinge away from the observer
and the flut valve on the right side, will e placed with its dorsal sarface uppermost, its ventral
surface below, its anterior end away from the obgerver, and its posterior end toward him, and its
right and left sides on his right and teft hands, respectively.

¢ In order to examine the soft parts, the Oyster should De opened by gently working a thip, tlat
knife-iade under the posterior end of the right valve of the shell, and pusling the blade forward
until it strikes and euts the strong adductor muscle, which passes from one shell to ancther and
pulls them together. As soon sy this muoscle is cut the valves separate a little, and the right
valve may be raised up and broken off from the left, thus exposing the right side of the hody.

The surface of the body i3 covered by the mantle, a thiu membraue which is attuched to the bedy
over a great part of its surface, but hangs free like a curtain around nearly the whole eireum-

ference. By raising its edge, or gently tearing the whole right half away from the body, the gills
o ) _ 711
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will be exposed. These are four parallel plates which oceupy the ventral half of the mantle cavity
and extend from the posterior nearly to the anterior end of the body. Their ventral edges are
free, but their dorsal edges aure united to each other, to the mantle, and to the body. The space
above, or dorsal to the posterior ends of the pills, is ocenupied by (he oval, firm adductor muscle,
the so-called *Leart’  IPor some time I was at a loss to know how the musele came to be called
the ‘heart,” but a friend told me that ke had always supposed that this wu& the heart, since the
Oyster dies when it is injured.  The supposed ‘death’ is simply the opening of the shell when the
animal Ioses the power to keep it shut. Between this musele and the hinge the space above the
gills is oceupied Ly the Lody, or visceral mass, which is made up mainly of the light-colored repro-
dnctive organs and the dark-colored digestive organs, packed together in one continuous mass.

“If the Oyster has been opened very carefully, a transparent, crescent-shaped space will be
seen between the musy]e and the visceral mass. This space is the pericardinm, and if the delicate
membrane which dorms its sides be carefully cut away, the heart may be found without any
difficulty, lying in this cavity, and pulsating slowly., If the Oyster has been opened roughly, or
if it has been out of water for some time, the rate of beating mmay be as low as one a minute,
or even less, so the Leart must be watched attentively for some time in order to sce one of
the contractions.”!

The dark-purple sears near the centers of both valves are simply the areas covered by the
attachients of the addwector, which is composed of a vast number of extremely fine muscular
fibers, which collectively pass straight weross the space between the inside of the valves, being
firmly fixed at either cnd of the latter. The tendency to separate the valves at their free borders,
inherent in the ligament, is balanced or counteracted by the musele. The head end of the animal
lies close against the hinge, the point where, as previously deseribed, the {wo valves are firmnly
fixed to each other by a dark-brown, crescent-shaped body, the ligament, which, while it serves to
attach, also tends, by reason of its elastic properties, to cause the valves to separate at their free
borders in order to allow the passage of the waler inward to the gills, and of food to the mouth,
while it #lso allows the water which bhag passed through the gills to escape by way of the cavity
above the gills which is prolonged inte the cloaca, carrying along with it, in its outward passage,
the feces from the vent. The foregoing lines fairly deseribe the mechanism of the shell and in
part the physiological significance of the same. '

The structure of the shell is laminar, or, in other words, it is composed of numerons layers of
a material identical in composition with chalk, deposited one on the other by the mantle, the organ
which builds the whole shell in thig way, the ¢halky substanee being derived from the Hluids of the
animal, which in turn derives it from its food, These layers, deposited as they are interpally, in
a horoy organie matrix, as growih proceeds project in suceession pa st each other at the free edges
of the valves and cxternal surface of the shell, so that the successive deposits may readily be
digtingnished on its external snrface, giving rise to 2 very rongh imbricated appearance of the
edges of the Jayers on the outside. Attempts which I have made to determine the age of Oysters
frem a supposed periodic deposition of the slelly material, corresponding to the years of its age, [
find to be impracticable,

The structure in the layers of the shell of the chalk or caleic carbonate is minutely prismatic,
Nathusins- Konigsborn has found that eertain portions of the shell of the European Oyster contain
very minute air-spaces. Roth native and foreign species are found to have hollow eavmes in the
valv es, usu.tllv contammg water.

''W. K. Brooxs: Development of the Ameriean Oyster Studles from the Bmlogic'al Iﬂbomﬁcry of Johm HOPW
University, No. IV, 1880, pp. 5-7. .
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“ (n front of the gills, that ix, between, them aud the Liuge, thece are tour fleshy Haps—the
lips—two on each side of the body. They are much like the gills in appearance, and they ure
connected with eaech other By two ridges which rmn across the middle of the body close to the
anterjor end, and between these folds is the large oval mouth, which is thus seen to be sitaated,
not at the open end of the shell, but as far away from it as possible.  As the Oyster is immovaldy
fixed upon the bottom, aud has no arms or other structures for seizing food avd earnying it to the
moutl, the guestion how it obtains its food at once suggests itself. If a fragment of one of the gills
is examined with a microscope it will he fonnd to be covered with very small hairs, or vilia,
arranged in rows. Each of these cilia is constantly swinging back atud forth, with a motion
something like that of an eav in rowing. The metion is quick and strong i owve direction and
slower in the other. As all the cilia of & row swing together, they act like a line of oars, ouly they
are fastened to the zill, and as this ix immovable, they do not move forward through the water, but
produce a current of water in the opposite direction. This action ix not directed by the asimal,
for it can be ebscerved for hones in a fragment cut out of the gill, and if sueh a fragizent be supplied
with fresh sea-water, the motion will eontinne nptil it begins to decay. ‘While fhe Oyster lies
undisturbed on the bottom, with its muscle relaxed and its shell open, the sea-water is drawn ou
to the gills by the action of the cilin, for although each cilinm ix too ginall to be seen without a
micrascope, they eover the gills in such great numbers that their united action produces quite a
vigorous stream of water, whicl is druwn through the shell and ig then forced through very swall
openings on the surfaees of the gills into the water-tubes, inside the gills, and throngh these tnbes
innto the cavity above them, and so out of the sheil again. A& the stream of water passes through
the gills the blood is aérated by contact with it. The food of the Oyster eonsists entirely of minute
animal and vegetable organisms and small particles of organized matfer. Ordinary rea-water
contains an abandance of this sort of food, which is drawn into the gills with the water, but as the:
water strains through the pores into the water-tubes. the food particles are eaught on the surface
of the gills by a layer of adliesive slime which covers all the soft parts of the body. As soon a8
they are entangled the cilia strike ugainst them in such & way as to roll or slide themn along the
gills toward the mouth. When they reach the anterior ends of the gills they are pushed off and
fall between the lips, and these again are eovered with cilia, which carry the particles forward
until they slide into the month, which is alwayx wide open and ciliated, 5o as to draw the feod
through the esophagus into the stomach. Whenever the shell is open these cilia are in action,
and as long as the Oyster is breathing a current of food is siiding mto its Taonih.

“The cilia and particles of food are too small to be seen without a microscope, hut if finely
powdered carmine be sprinkled over the gills of a fresh Oyster, which has been ecarefully opened
and placed in a shallow dish of sea-water, careful observation will sliow tilat a8 soon as the colored
particles touch the gills they begin to slide along with a motien which is quite uniform, but not
much faster than that of the minute-hand of a wateh. This slow, steady, gliding motion, without
any visible canse, is a very striking sight, and with a little care the particles may be followed up
to and inio the month.

«In order to trace the course of the digestive organs, the viscers] mass may bhe split with a
sharp knife or razor. 1If the split is pretty near the middle of the body, each half will show
sections of the short, folded sophagus, ranning npward from the mouth, and the irregular
stomach, with thick, semi.transparent walls, surrounded by the compact, dark.-grecnish liver.
Back of the liver and stomach the convoluted intestine will be seen, ent irregalarly at several
Doints by the section.

tThere are no accessory organs of reproduetion, and the position, form, and general appear-
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anece of the reproductive organ is the samne in both sexes. There is no characteristic by which a
male Oyster can be distinguished from a female, witheut mieroscopic examination. As the repro-
ductive organ has an opening on each gide of the body, it is usually spoken of as double, but in
the adult Oyster it forms one continnous mass, with no trace of a division into halves, and extends
entirely across the body and [against] the bends and folds of the digestive tract.” !

(The last of the foregoing statements as to the impossibility of discriminating the sexes with-
out the aid of the microscope is no longer true, though it was true at the time the above was
written. The method of discriminating the sexes diseovered by the writer is disenssed iv another
portion of this sketeh of the history of the Oyster.) :

The stomach is pretty definitely marked off from the other portions of the digestive tract. It
may be said to be that portion of the latter which is surrounded by the tiver. The portion of the
intestine immediately following the short widened region which we regarded as the stomaeh is the
mast spacions portion of the gut, and in it is lodged a very singnlar organ whicl has been called
the “erystalline style” This is an opalescent rod of a glass-like transparency and gelatinous
consistence whiclk measures, according to the size of the Oyster, from half av inch up to one aml
4 half inches in length. Its anterior end is the largest, and in a large specimen measures hearly
an eighth of an inch in diameter, but at its posterior cnd is searcely half as thick; both cnds are
biantly rounded. 1 fell info an error in supposing that this style was Jodged in a speeial pouch
or sa¢ as described in iny report to the Maryland commissioner in 1880. The “ecrystalline atyle”
really lies in the first portion of the intestine and extends from the pyloric eud of the stomach to
tlre first bend of the intestine, where there is u marked constriction of the alimentary canal. It
appears therefore to he a sort of loose valve in the eavity of the guf; its fuvetion may he o
prevent coarse particles of food from passing, or it may in some way assist digestion, 1n speci-\.
mens hardened in acid or aleobiol this rod is destroyed, or at least disappears, so that I have been
unable to find it. The greater portion of its substance is apparently made up of water. .

The peeunliur d ouble induplicution of the wall of the iutestine is deseribed in another place.
The fecal matters are extra ded in the form of a demi-cylinder, with one side excavated in a groove-
like manner. This shape of the fieeal matters is due to the presence of the doublefold. The firces
themeelves are compo sed of extremely fine particles of quarts or sand grains, the tests of diatoms,
organic matters, hit mus, cellulose, fragments of the ehitinoas (:m-'érings of some of the minute
worms and artieulates, etc., which have been swallowed and digested by the animal. - The anus
is sitnated on the dorsal side of the great addactor muscle where the intestine ends.

The organs of sensation of the Oyster, though not very bighly developed, are of sufficient
importance to meorit attention. The anditory sense, althon i T have never been able to dissect ont
the anditory vesicles, T am ratisfied exists, because one caunot noisily approach an Oyster bank
where tlie Qysters are feeding withont their hearing so that instantly every shell is closed. The
tentacles of the mantle are often extended until their tips reach beyond the edges of the valves.
If the animal in this condition is exposed to a strong light the shadow of the hand passing over it
is a sufficient stimulus to cause it to retract the mantle and tentacles and to close its parted valves.
The mantle incloses, like a curtain, the internal organs of the ereature on either side, and lies next
the shell, and, as already atated, recretes and deposits the layers of calcie carbomate composing
the latter. The free edges of the mantle, which are purplish, are garnished with small, highly
sensitive tentacles of the same color. These tentacles are cilisted and serve as organs of touch,
and also appear to be to some extent sensitive to light.

L'W. K. Broogs: Op. oft., pp. 8-10,
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The nervous gystem of the Oyster is very simple, and, as elsewhere stated, is to some extent
degenerate in charaeter. 1% is composed of a pair of ganglia or knots of nervous matter, which e
just over the gullet, und from these a pair of nervous cords pass backward, one on each side, to
join the hinder pair which lie jost beneath the adduetor muscle. The mantle receives nerve
branches from the Lindmost ganglia or knots of nervous matter; these, as their centers, eontrol the
contraction and elongation of the radiating bundles of wuscular fibers, as well as those which lie
lengtbhwise nlong the margin; the former contract and withdraw the edges of the mantle from the
margin of the shicll, while the latter in contracting tend to crimp or fold its edges. The tentacles
are maiuly innervated by fibers emanating from the hindmost ganglia, while the internal organs
are innervated from the head or ceplhalic ganglia. The hind ganglia also preside over the
contractions of the great adductor muscle. The nerve threads which radiate outward from it to
the tentacles dispalch the warnings when intruders are at hand that it must contract and close
the shells.

211. THE MINUTE ANATOMY OF THE OYSTER.

There is a spacious segmentation cavity developed in the embryo which becomes the
subdivided body-cavity-—schizocoe]l of later stages. Between the ectoderm and endoderm the
mesoblastie tigste is developed apparcntly by proliferation, so that the segmentation or body
cavity beeowmes in part obliterated. The mesoblast of the cinbryo formed as above stated is the
tissue from which tbe mesenchyme or connective tissue of the adalt s developed. The blood
ehanneis or canals are developed in the mesenchyme of the adnl-—mesoblast of the ewbryo.
The large, coarse vesicular connective tissue cells form a sort of trabecular network of pillars and
transverse supports between and around which the sanguineous tlaids circulate. The blood
chanpels or eapals are developed directly from the spaces between the colomns aond their
econjoining wmasses of connective tissue cells; an exception to thix is found ouly in the strocture
of the anvterior and posterior aortz, the heart, and Dranchiocardiae vessels, which bave proper
walls lined with endothelial celis. Thronghout the greater part of its extent the mesenchymal or
connective tissue is spougy, its cells being built around complex anastomosing spaces for the
blood. There is, therefore, a trne schizocel developed in the Oyster; it has beeu formed as the
mesoblastic tissue has grown into the segmentation cuvity and subdivided the latter into Laemal
cunals and spaces. The blood cells originate in all probability in the sume way., These are
ameeboid, colorless, and measure abont one three-thousandth of un ineh in dinweter. The vascolar
channels have no rpecialized endothelial walls in the mesenchymal parts of the body.

The addnctor muscle of the shell and the radiating muscular bDundles ranning from the
insertion of the former to the edge of the mantle are derived from the mesoblastic cells of the
embryo, the observations of Dr. Tlorst ou this point having, I think, completely set at rest what
was formerly & matter of theory. The radiating muscnlar bubdies—pallial museles—of the adult
lie just beneath the epiblast or epithelium on the outer sides of the manile leaves.  These pallial
muscles in the embryo are represented by two sets of dorsal and ventral muscular bundles, the
funetions of which are to retract the velum into which they ave inserted. The muscular fibers of
the walls of the Leart are not striated and decossate in every direction, The inner walls of the
heart are crossed in varions directions by muosecular bands or trabeeabd, and a more or leas
complete museunlar septum divides the ventricle in the mediav line; the lieart is, therefore,
approximately four-chambered.

'.'E_ﬁe mesenchymal or mesoblastic fissues comprise the great bulk of the body of the avimal,
and axtend out into and form the greatest proportion of the thickness of the mautle, and also

Y
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down into the branchial sacs between their epiblastic or epithelial, eiliated, external walls. It
ulso forms the principal bulk of the thieck vertical, transverse septa which subdivide the branclhial
pouches internally, and forms Iikewise the bulk of the branchial filaments themselves. These
latter are nmmerons and give the surface of the gills their furrowed or plaited appearance. The
individual plaits or ridges seen in section are found to De quite complex and to be themselves
compoundly ribbed and to have chitinons rods embedded in their substance just beneath the
external epithelinm. These rods run lengthwise throngh the substance of the branchial riblets,
The branchial eapillaries are excavated in the mesenchymmal or connective tissue of the branchial
filaments or tentacles, between which there are nnmerous openings or ostia for the passage of the
water from the inferior portion of the pallial chamber into the gill eavities in order to etfect
respiration. Tt is difficalt, however, to make this arrangement understood without the aid of
figures. _

The mesenchyme also gives support to all of the visceral structures, the nltimate secretory
follicles or saccules of the liver being imbedded and supported by it. The same is troe of the
geuerative structures nand the intestine, No portion of the walls of the stomach, wsophagus, or
hepatie dnets ean be found the walls of which do not lie direetly in eontact with this mesencliymal
or mesoblastie tissne. 1t also extends out into and forms the greater proportion of the substance
of the palps or lips of the Oyster, and is very spongy and highly vascular in this region. The
interna! or oral surface only of the palps or lips are closely plaited with numerous folds of ciliated
epithelium, Tlese folds may number from one hundred and twenty-five or more. The surface of
the palps in the immedizte vieinity of the mouth is not plaited or folded.

The mesenchymal vells are much larger than either the epithelial or endothelial cells, and will
average one five-hundredth of an inch in diameter. They inclose in all cases, both in winter and
suminer, a large, irregular nocleus from which a complex network of intracellular grannlar fibrils
radiate in all directions through the enveloping cellular substanee. At one side of the nuecleus
there are always one or more accessory bodies, perfeetly globuluar, whick complicate the character
of the uncleus in a singular manner. These vesicular, very hygroscopie, mescuchymal or eonnective
tissue elements are not fat-cells, as has been erroneously supposed by Brooks. Their nuclei are
invariably central and not parietal in position, as in fat-cells. These cells are probably very
hygroscopic, as would appear judging from their singular appearance under the microscope. They
appear to be widely distributed in the mollusecons invertebrates; they were originally named
i yesicnlar connective tissue cells” by the histologist Bchaefer. An Oyster may in the summer
seasen absorh water and swell up so as to fill up almost the whole cavity of the shell, and when
opened it may lose so moch blood and water in the course of haif an hour that it will have shrunk
to onetenth of tis original bulk. This is a common oceurrence, and is explained by the prob-
able lygroscopic character of tho connective tissue cells and the spongy pature of the wheole
mesenchyme which consists of these elements, This also explains why it is that Oysters may be
much swollen in a short time by osmotic action, when immersed in water of a less specific gravity
than the sea-water from which they were first taken. The process has nothing in common with
what might be called fatteuning, as we ghall see hereafter. ’

There is an apparent atrophy or wasting away of the mesenchyme of the body-mass and
mantle during the spawning season, with a great concomitant development of the reproductive
follictes or tubules. In winter the reproductive follicles atrophy, when the mesenchyme again
inercuses in bulk in the body-mass and mantle. It also undergoes another remarkable series
of changes corresponding to summer and winter, In summer it acquires an almost glueslike
transparency, so that the mantle, palps, and superficial portions overiying the viscera become
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translucent. In this coodition, if the reproductive glands are undeveloped, fhe dark mass of
the liver may be secn through the beody walls. Towards fhe auiumn, on the other hand, the
conuective tissne cells acquire a milky opacity and great solidify as compared with their watery,
transparent coudition in smwmer. This last condition, whiell involves the whole mauntle, the palps
and superficial portions of the visceral mass, indicates to the oysterman the eondition of fatness.
The Oysters in this state are plump; do not so readily diminish in bulk when removed from the
shell as in summer; bat that this change is due to storage of fasty matters 1 have not yei seen any
evidence of any sort which would amount to proof. There is sowme oily watver in the Oyster, but
not enongh to account for the changes which we have described.

The atrophy of the connective tissue during the summer season wonld appear to indicate that
the material for the genesis of the reproductive eleinents was derived from the mesenchyme, by a
direct transformation of its substanee in which the generative follicles are imbedded. It is, in
fact, the great development of the mesehchymal substanee in the antumn and winter, when the
reproductive function is in abeyance, that constitates the condition of the animal known to oyster-
men as fatness. These relations illastrate very beautifully a well-kuown physiological principle,
viz, that nutritive processes are very intimately related to the reproductive; they are in fact inter-
dependent.

In sammer, when the reproductive organs are gorged with their produets, their follicles are
crowded together ibto contact; in winfer, in their atrophied condition, they lie imbedded in tbe
superficial portion of the mesenchyme of the body-rnass, the same as in snmmer, but are much
less developed, s0 as to appear in sections like a very open wetwork of stramds of very smull,
nucleated, incipient embryo cells, the connection ¢of which may be fraced into (he now eollapsed
and internally ciliated branches of the oviducts, AH the parts of the reproductive apparatus are
therefore present in winter, but in an undeveloped condition, The ovidacts branch and spread
over each side of the body-mass just outside of the stratum of reproduetive follicles and imme-
diately beneath the mantle. They do not ramify througl the substance of the reprodactive organ,
but traverse its surface, the follicles emptying their contents into the duets by way of openings
upon the inner faces of the latter. The main openings of the oviduets of either side open into the
ubper branchial cavity on either side of the hinder and ventral portion of the bedy-mass just
below the yuscle. There is but one opening on either gide, potwithstanding the various state-
ments to the contrary.

Embryologieally eonsidered, the liver is an endodermal strecture, a diverticulum of the
stomach. The great bile ducis pass outward from the cavity of the stomach and subdivide again
and again and end blindly in spacious ovoidal hepatic follicles, the simple plicated walls of which
consist of hepatic cells, The funetion of the liver is in all probability both exeretory and secretory,
and takes an all-important share in the processes of digestion. That the function of the liver is
partially excretory is rendered all the more probable from the fact that there is little or no
evidence of the existence of a renal apparatus or organ of Bojanus in the Oyster such as iz found
in other mollusks. Dr, Horst looked in vain for a rndiment of this last struetare in the embryos
of Ostrea edulis, Transverse rections through those portions of the body where it woald most
likely be found, made from both native and foreign examples, exhibit no structure in the Jeast
degree resombling what is regarded as the organ of Bojanus in Undo and Arodonta.

The wall of the intestine, like that of the stomach, is ciliated threughout,and is also of endo-
dermal or hypoblastic origin. Its wall is folded inward along one side in a peculiar way, so that its
iamen is more or Iess crescentic in cross-section. This arrangement, together with the very minute
minor folds on its inner surface composed of long, columnar, ciliated epithelial cells, lucreases the
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amount of absorbing surface very materially. The internal surface of the stomach is also very
much plicated; but here the folds are both large and conspicuous, with small folds often inter-
vening. There are neither annalar nor longitudinal museular fibers in the wall of the intestine;
the sole motive foree nsed in the propulsion of the ingested food appears to be exerted by the
ciliary covering which everywhere clothes the internal surface of the alimentary tract from the
month to the anus.

1t would appear that the intestine makes two eomplete bends upon itself at a very early stage
of embryonie life, according te the observations of Horst, long before it measures a ninetieth of
an inch in diameter. The development of the liver scems to be at first lateral and somewhat
ventral; an arrangement traces of which may still be noticed in cross-zections of the adult.

The course of the intestine in the adult may be described as follows:

The month is & wide opening between the upper median angles of the palpi; so wide, indeed,
that the animal can scarcely be said to bave an mrophagus; immediately follows the stomach,
which is seen to have very pronounced folds internally, with a generally transverse direction, but
two of these, which lie in a somewhat ventral pesition, are a pair of inward-projecting folds which
are themselves plicated. The intestine then follows an obligue course, downward and backward,
wlen it makes a sharp bend returning beneath the floor of the pericardial spaee, passing obliquely
upward and forward, somewhat to the right and dorsal of the stomacl, when it crosses exactly
over the mouth or very short gullet, passing downward to the left side of the animal, alongside
and a little to the lower side of the stomach, when it again turns upward and passes over the
pericardial space to end in the rectum just ever the middle of the adductor muscle. The clusters of
hepatic lobules or follicles dip down into the foltls of the walls of the stomnack, but the liver does not
follow the course of the intestine proper, which is provided internally with a corious pair of longi-
tudinal and parallel folds, which project into the intestinal cavity and extend from the pyloric end
to very near the anus.  The presence of these folds pives to the fizeal mafters their singular appear-
ance, which are not in the form of a cylinder as they leave the vent, but in the form of a tube with a
part. of one side removed. Tracing the course of the intestine by sections is not the proper way;
they cun be very casily dissected out for their entire length by means of the scissors and forceps.

The systemic heart of the Oyster is that organ which serves to propel and redistribute the
colorless blood of the animal through the body for iis nourishment, and through the gills that the
blood itself may discharge iuto the water the poisonons gases with which it is loaded in passing
through the body, and receive a fresh supply of oxygen as fresh supplies of water pass through
the gills., The heart consista of three principal chambers; the nupper, Jargest, whitish and partially
divided by a median septum or partition, is the ventricle, and the two lowermest and smalier,
browunish paired chambers are known as the auricles. These three chambers which comprise the
heart of the Oyster lie in a erescent-shaped space, the pericardial space, just forward of the
adductor mmscle.  The ventricle is almost globular; its walls are made up of a delicate meshwork
of unstriped muscular fibers, which are so interlaced as to be altogether untraceable. From the
ventritle a great posterior and an anterior aortie vessel arises. These two vessels distribute the
blood to the posterior and anterior portions of the bedy of the animal, but scon divide into paired
vessels which traverse the mantle on either side both anteriorly and posteriorly, while one great
median branch passes forward over the stomach. The blood is really distributed soon after
leaving the main vessels, especially in the body through the spongy connective tissue spaces, a8
alrendy described, sod 18 collected into a great ventral canal from which a large part of it passes
into the gills, From the four gills or branchial pouches the blood flows back to the ventricles
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through six great branchiocardiac vessels, three of which are arranged on each side; two pairs of
these are snterior in position and one pair posterior. .

"The circalation of the Oyster is quite different in character from that observed in a vertebrated
animal. In the latter the heart pumps the purified bleed te and through the gills before it passes
to all parts of the body; in the Oyster, on the other hand, the fresh, pure bleod is pumped by the
heart from the gills before it paszea to all paris of the body.

A curious and interesting point which I think it desirable to mention, hecanse I have not
noticed that attention has hitherto been especially called to it, is the metamorplosis of the larval
Ogyster into the adult. A. de Quatrefages! has alluded to it, but not in explicit terms. 1 Lave
shown in my sketch on the growth of the animal that the larval shell was quite different {rom that
of the adult, in faet, more like a very diminutive pisidium than anything else. The metamorphosis
of the larval shell, or rathier its passage into that of the spat, is abrapt. Not so with the soft parts;
the oldest larvee yet studied by any competent biologist show that 1he routh of the larva is
placed on the ventral side of the emhryo, and that the hinge is situated o almost exactly the
dorsal or opposite side. The ventral position of the mouth of the larvie and its anterior or cephalic
position in the adult show that s very important series of changes in the position of the viscera
must take place between the time when the larva loses its principal embryonic featwres and
acqguires the adult arrangement and relations of its hard and soft parts. 1In other words, we are
made aware, after instituting the foregoing compurison, that the Oyster actually wndergoes a
metamorphosis.

If an Oyster be carefully opeped it will be found that the animal adheres to the shell at four
pointg, or at two points on cither valve, The principal peiuts of attachment are of eonrse the
ingertions of the great compound adduoetor muscle, made up of two portions which wmay be
distinguished by the color of the cut ends of the component fibers. The great shicld-shaped
purple areas on either valve mark the points of insertion of the great addoctor in the American
Oyster, and also in the Portuguese form, which resembles it considerably, In Ostrea edulis, or the
European species, the jnsertion of the adductor muscle is very rarely colored , so rarely indeed that
wo may regard this feature as one of the specific marks of this form. Dnt in hoth the American
and the Baropean species there is 2 second museular attachment, as implicd above, which appears
to have been very generally overlooked. Tt is situated nearer fo the hinge than to fhe great
adductor, and is sometimes marked by a slight depression not over an eighth of an inch in ity
greatest transverse diameter, Tt gives attachment to a feeble museular bundle whieh springs out
of the mantle on either side of the viseeral mass, and when the animal is torn Joose a slight
whitish scar on the soft part marks its position on the surface of the mantle. I have been
informed that Mr. W. H. Dall, who has investigated the matter, has identified this muscle with
the pedal muscle of some other acephialous mollnsks,

212. SEX, SEXUAL PRODUCTS, AND DIFFERENCE OF THE SEXUAL HABITS OF THE
AMERICAN AND EVROPEAK OYBTERS,

“The number of msle cells which a single male will yield is great beyond all power of
expression, but the number of eggs which an average female will furnish may be estimated with
sufficient exactness. A single ripe egg measures about one five-hundredtlt of an inch in diameter,
or five hundred laid in & row, touching each other, would make ono inch; and a square inch would

-eontain flve hundred such rows, or 500 x 500=250,000 eggs. Nearly all the eggs of a perfectly

. *Motamorphoses of Man and the Lower Animals. Transiated by H. Lawson, M. D., pp. 104-108. London, 1864.
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ripe female may be washed out of the ovary into a beaker of sea-water, and, as they are heavier
than the sea-water, they soon sink te tho bottom, and the eggs of a medinm-sized female will
cover the bottom of a beaker two inehes in diamefer with a layer of egps one-twentieth of an inch
deep. The area of the bettom of a heaker two inches ju diameter is little more than three square
inches, und a layer of eges one.swentieth of an ineh deep, eovering three square inches, is equal to
one threc-twentieths of an inch deep and two square, and as a single layer of eggs is one five-
Linndredtls of an inch thick, a layer three-twentieths of an inch thick will contain seventy.five
Inyers of eges, with 250,000 egas in cach layer, or 18,750,000 eggs, It is difficult to get the eggs
perfeetly pure, and if we allow one-half for foreign matter and errors of measurement, snd for
buperfect contact between the cggs, we shall have more than nine millions as the number of eggs
laid by an Oyster of average size, i number which is probably less than the true number.

“Mabius estimates the namber of eggs luid by an average Buropean Oryster at 1,012,925, oy only
one-ninth the number [aid by an erdinary American Qyster; but the American Oyster is very much
Iarger than the Enropean, while its epgs are less than one-third as large; so the want of agreement
between these astimates does not indicate that eitber of them is correct.! Another estimate of
the rumber of egps laid by the BEuropean Oyster is given by Hyton (* Histery of the Oyster and
Ogyster Tisheries,’ by T. C. Eyton, London, 1858). He says, p. 24, that there are about 1,800,000,
and therefore agrees pretty closely with Mobius,

“An umsually large American Oyater will yield nearly a cubie inch of eggs, and if these were
all in absolute eontact with each other, and there were no portions of the ovaries or other organs
mixed with them, the cubic inch would contain 500° or 125,600,000. Dividing this, as hefore, by
two, to allow for foreign matter, interspaces, and errors of measurement, we have about 60,000,060
as the possible number of eggs from a single Oyater,

# Althongh each male contains enongh fluid to fertilize the eggs of several females, there does
not seem to be much difference in the pumber of individuals of the two sexes. When & dozen
‘Oysters are opened and examined, there may be five or six ripe females ands no males, but in
another case a dozen Ovsters may furnish several ripe males bhnt no females, and in the long ran
the mexes seem to be about equally numerous. Oystermen believe that the male may be dis-
tinguished from the female by certain characteristics, such as the presence of black pigment
it the mantle, but microseopie examination shows that these marks have no sneh meaning, and
thiat there are no differences between the sexes except the microscopic ones, It is not necessary
to use the microscope in every case, however, for a little experience will enable a sharp obaerver
to recognize a ripe femals without the microscope. If a little of the milky fluid from the ovary of
a female with ripe or aearly ripe eggs be taken upon the point of a eclean, bright knife-blade and
allowed to fiow over it in a thin film, & sharp eye can barely detect the eggs as white. dots, while
the male fuid appears perfectly homogeneons under the same circumstances, as do the contents of
the ovary of an immature female, or one which has finished spawning. When the eggs are mixed
with u drep of water they can be diffused through it without difficulty, while the male fluid is
more adhesive and difficnlt to mix with the water. By these indications I was able in nearly
every case to judge of the sex of the Oyster before I had wade uae of the microscope.?

“Dnring my investigations I submitted more than a thousand Oysters to microscopic
examination. My studics were carried on during the breeding season, and I did not find a single

1Mihins' measnrement, from .15 to .18 millimeter, i given {Austern und Austernwirthachaft, 1877) aa the diameter,
not ¢f the egg, bat of the embryo, bat his figores show that the Furopeen Oyster, like the American, does not grow m“"h
dnring the early stages of development, hut ramains of about the same size 83 the SBE, :

W, K. BROOKSE: ep. o, pp. 18-14.
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hermaphrodite. The muale eells are so small compared with the eggs that if. wounld be impossible
to state that a mass of eggs taken from the ovary contained no spermatozoa, althongh they conld
not escape defection if they were at all abundant. '

#On the other hand, a single egg in the field of the microscope, in a drop of male fluid, would
be very conspicuous and could not escape deteetion; and the faet that not a single case of this
kind ocenrred is sufficient to establish the distinctness of the sexes at the breeding season.”’

Writing about this matfer in 1880, I said: “No evidence to show that our Oyster is her-
maphrodite was found during the entire season; nor were my searches for ewbryo or eggs in
the mantle or in the gills more suceessful than those earried on two years before by Professor
Brooks. There is no doubt whatever that the Oyster of Earope nurses its young in its mantle
or gills for Bome time; nor can we well gquestion the very high authority of Mobius for saying
that in most cases the sexes are separate, and that only one kind of preducts, viz, either eggs or
spermatozoa, are at any time found in the generative organs. Lacaze-Duthier’s observations seem
to confirm the eonclusions of Mibius.”

' In reference to the structure of the cells which make up the body of the Oyster, as well as
regarding the eggs, Dr. Brooks, on page 19 of his essay, writes as follows:

“ Thach of these consists of a layer of protoplasm around & central pucleus, which, in tle egg,
is a large, cirenlar, transparent body known as the germinative vesicle. Bach cell of the body is
able to absorb feod, to grow and to mualtiply by division, and thus to eontribute to the growth or
the ergan of which it forms a part. The ovarian eggs are simply the cells of an organ of the body,
the ovary, and they differ frem the ordinary cells only in being much larger and more distinet
from each other; and they have the power, when detached from the body, of growing and dividing
up into cells, which shall shape themselves into 8 new organism like that from whose body the
egg came. Most of the steps in this wonderful process may be watched under the microscope,
and owing to the case with which the eggs of the Oyster may be obtained, this is a very good egg
to study.”

Brooks has represented the freshly laid ova of the Oyster with 2 spherical nucleus and
nueleolus ; the former is large and clear, and is imbedded pear the eenter of the egg, and inside of
it the nucleolus is lodged somewhat to one side. I do not find the latter spherical, as described,
but formed as if composed of a larger and smaller highly refringent pair of spheres, partly fused
with ecach other, or of the same form as the nucleoli of the eggs of Anedonta as described by
Flemming.

Some investigations conducted under the anspices of the Datch Government indicate that the
stracture of the genarative organs of the European Oyster is not, as has been supposed, strietly
follicular, but that they may rather be regarded as a mass of anastomosing tubes of irregular caliber,
The complete proof of this has been developed by the writer in the course of 1nvestigations carried
out upon our native Oysters, in which the generative organs were very immature during the
winter season. Both Brooks and myself have spoken of the generative follicles as thongh they
had been clearly made out; it now appears that we will be compelled to modify our terminology
somewhat, in the face of the fact that I have sections of the immature generative organ which
exhibit it as a network of germinal cells, as well as sections of the mature organs which skow a
more or less distinet tubular stracture opening toward the surface iute the superficial or surface
outgoing canals. At the same time the tubes show more or less extensive junction or anastomosia
with each other at certain points alomg their length, with a general tendency to be disposed
vertically to the surface of the visceral mass. This arrangement reminds one somewhat of the

. W, K. BRooES: ap. eit., p. 35.
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more or less parallel disposition of tle seminal tubules of the testicles or milt of fishes and higher
animals.

In microscopical cross-sections of the admlt Oyster, whether it be male or female, the repro-
ductive ghnds are found to be composed of a great number of minate pouches or follicles. In the
gross arrangement of the follicles nn |1iﬂ'err_ance hetween the sexes is discernible when thin sections
are gerutinized with the microscope. Upon making an examination of the contents of the follicles
with the microscope a great difference at once becomes manifest; in the male the spermatic
particles in the follicles appear very finely granular, and if matare the tails or flagella of the
spermatic particles tend to be directed toward the ontlet of the follicle; in the female, sections of
the follieles show the eggs in various stages of development attached by their narrow extromity
to the walls of the reproduetive saccules. The egg is pyriform in shape while stitl in the ovary,
but rhe stalk is not as long as in the eggs of Serebicularia, as described by von Jhering. As
clsewhere stated, the oyster-egg is not globular when first extruded. It will be readily understood
that the sexes may be very readily distinguished by these and other marks observed in sections.
The immature ova are vastly larger than the sperwatozoa, which measure under the ten-thousandth
of an inch at their largest end. The head of the spermatozodn of both the American and European
Qyster is globular; that of the spermatozoin of the Soft Clam (Mya) is ovoidal in form. The tail
or flagetlum of the spermatic particle is the locomotive organ which lashes back and forth very
rapidly and propels it through the water and finally brings it into contact with the egg.

213. NEW METHODS OF DISTINGUISHING THE SEXES AND OF TAKING THE EGGS OF
THE OYSTER.!

DIBURIMINATION OF THE BEXES.—Onbe of the first requisites of a practical syatem of arti-
ficial fertilization of the eggs of the Oyster is a means which, in the hands of unskilled persons,
will enable them, without the aid of a microscope, to intfallibly distingnrish the sexes apart. Such
# means we now propose to describe. Having tested it practically, and found it possible to
ingtruet perszons of ordinary intelligence in a few minuntes, we have no hesitation in offering an
aecount of the method so as to make it more generally available in the hands of those who may
be interested in this subject.

It is premised that the spawn is squeezed from the reproductive glands by the method to be
deseribed further on.  As soon as the gpawn is emitted from the generative opening in consequence
of the pressure exerted upen the gland and the ramifications of its dncts, it is drawn up by meaus
of a small pipette or medicine dropper, provided with & smali collapsible bulb at the upper end
which is held between the thumb and forefinger. Pressing the bulb between the fingers, then
immersing the open end of the pipette into the extruded spawn, and then allowing the bull to
expuand by its own elasticity, it will draw or suck up the apawn which has been pressed out very
neatly; and if one is eareful, absclutely nothing but the spawn is picked up. One soon becomes
very expert in the use of the pipette.

The next roquisite is a shallow glass dish, or even a plain tumbler will answer, into which
say a lhalf gill of clean sea-water has been poured. Taking up the extrunded spawn from the
opening of the duct it is dropped from the pipetie into the clear water. This last simple operation
enables us to tell without fail to which sex the products belong. If tho ereamy white mass eonsists
of eggs which have been pressed from the generative openings and is dropped into the weﬂter, it will
at once break up into a granular cloud -as the spawn strikes the latter, the granules themselves

'The observations and experiments discussed in this article were condncted at Saint Jerome’s Creek during the
months of July snd Angwst, 1832, .
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being very distinetly visible, especially if tiwe glass vessel be resting upon a dark gronud so as to
bring the whitish grancles into relief.  The granales are nothing wore than the ova or eggs of the
Oyster, and at once indicate that the individual from which they were obtained is s female. In
cage the preducts are wale, they break up ax they mingle with the water into a milky white cloud
in which no granules are visible to the baked eve. Itisalso very important to observe that as the
wilt is stirred i the water it breaks op at first into long, fleeey white elonds which rescinble very
strikingly iu miniature what are known to meteorologists as cirrns clouds, or, valgarly, “mare's
tails,” reminding ove of these in the way in which the fine particles of milt give rise to streaks,
wisps, and fibers ax it breaks np in the water, without giving rise to any visible granular appear-
ance ag ocerrs in the case of the female products, but to un opalescent. or milky aspect. These
distinctions, once learicd, are so palpable that the noviee may as infallibly discriminate the sexes
of the Oyster apart by their aid as can be done by the most skilled Diologist with a powerful
microscope.

THE IMPREGNATION OF THE BG#S.~The method formerly used was to first learn the sex of
a number of adult Oysters with the nicroseope, then ent ont the generative glands with their
produncts and chop up those of different sexes separately in small dishes with sea-water. This
sYstem we may now say is barburons, heeaase it is erude; large numbers of eggs are destroyed
by crushing, or are injured by the rough usage to which they are subjected, and, besides, there is
no assurance that the eggs or milt operated with are quite matare. It is also troublesome to frec
the generative glaud from fragments of the liver which help to pollute the water in the ineubating
vessels with putrescible organic matter, and thuos interfere greatly with the life and healthy devel-
opment of the embryos.

By our method the objectionable fewtures of the old plan, as stated above, ave overcome. If
possible, seleet good-sized Oyvsters; open thew with the greatest possible care 50 as not to mutilate
the mantle and =oft parrs. Carefully insert an ovster-knife between the edges of the valves and
cut the great adductor muscle as close as possible to the valve which yon intend to remove,
leaving the animal atiuched to the other valve, which, if possible, should be the left or despest one.
The soft parts being firmiy fixed or held fast Dy the great adduetor munscle to the left valve
prevents the animal from slipping under the end of the pipette, held flatwise, as it is gently and
firinly stroked over the generative gland and dnets to foree ont the generative preducts.

To prepate the animals to take the spawn from them, after opening, the foilowing precautions
are to be observed : Note that the reproductive gland in great part envelopes the visceral mass,
and extends from the heart space, just in front of the great adductor, to within @ half inch or so of
the head or month end of the animal, which lies next to the linge. Note wlso that both sides of
the visceral mass which incloses the stomach, liver, and intestine are enveloped on either side by
& membrane whien also lies just next the shell and is garnished by a fringe of purplish, sensitive
tentacles along its entire Lorder except at the lLiead end where the mantie of the lefd side passes
into und is continuous with that of the right side of the animal.  The ventral or lowermeost side of
the animal, anatomically spealing, is marked by the four closely corruguted gill plates or pouches,
which are preceded in front by the four palps or lips, but both the gills and palps depend
downward between the lower borders of the mantle of the right and left sides. Note, teo, that
if the mantle is carefully cut and throwa buck on the exposed side of the animasl between the
upper edges of the gills and the lower edge of the cut or expesed end of the great adductor
muscle, the lower and hinder Dlunted end of the visceral mass +will be exposed to view. 1tis on
either side of this blanted end of the visceral mass Detween the upper edge of the gills and lower
side of the great muscie that the reproductive glands open almost exac:ly below the great addnetor.
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From these openings we will afterwards find, if the animal is sexually mature and the operation is
properly conducted, that the spawn will be forced ont in a vermieular, creamy white stream, But
in order to fully expose the reproductive organ we should carefully continue to sever the mantle
of one side with a sharp penknife or small scissors, some distance forward of the great muscle
towards the head, eatting through the mantle just above the upper borders of the gills and following
a cavity which lies between the latter and the lower border of the visceral mass. A little
experience will teach one how far it is necessary to carry this ineision of the mantle. TFor some
distance jn front of the heart space the mantle is free or detached from the visceral mass and
reproductive organ which lies immediately beneath, and this ennbles one, if the last described
ineision has been properly made, to almost completely expose the one side of the visceral mass
and the richly tinted, yellowish-white reproduactive gland which constitutes its snperficial portioi
The opening of the gland and its superficial ramifying ducts being laid bare on the exposed side
of the animal we are ready to press out the spawn on that side. Before beginning tlis, however,
it is important to observe that the principal duct passes dewn just along the edge of the visceral
mass where the latter bounds the heart space, in which the heart may be observed to slowly
pulsate, and that this great duct ends somewhere on the surface of the ventral blunted end of the
visceral mass. To expose the great or main generative duct it may be necessary to eut through
or remove the pericardial membrane which incloses or covers the heart space on the exposed side. '
If the Oyster is sexually mature, the main duet will be observed to be distended with spawn, and
that, originating from it and branching out over almost the entire surface of the visceral mass,
there are minor dacts given off, which again and again subdivide. If these are noted, and it is
observed that they are engorged, giving them the appearance of s simple series of much branched
greut veins filled with creamy white contents, it may be certainly presumed that your specimen is
mature and that spawn may be readily pressed from it. '

The operation of pressing the spuwn out of the ducts requires care. The side of the end of the
pipotte may be used, being careful not to crush or break open the duets as you gently and firmly
stroke the pipette flatwise over the gide of the visceral mass backward from the hinge btowards
the heart space and over the great duct at the border of the latter diagonally downward and
backward to the opening of the reproductive orgau. If this has been properly done it will be
found that the generative products are being pushed forward by the pipette through the ducts,
as the pressnre will be seen to distend the latter, the contents of the branches flowing into the
larger and larger trunks until they are forced outward through the muin duct and opening below
the great adductor, where they will pour out in a stream one-sixteenth of an inch or more in diameter
if the products are perfectly ripe. The sexes may be discriminated as described at the ontset, and
it is well to first find a male by the method already given and procesd to express the milt as
described above into say a gill of sea-water, adding pipetteful after pipetteful until it acquires &
milky or opalescent white color. As the milt or eggs are pressed out of the opening of the ducts
they are to be sucked up by the pipette and dropped into the water, the mixture of milt being first
prepared, to which the eggs may be added as they are expressed from the females. The judgment
of the operator is to be used in mixing the liquids; in practice I find that one male will supply
enough milt to fertilize the egge obtained from three or four females, and it does not matter if the
operation takes from twenty to thirty minutes’ time, as the male fluid, which it is best to prepare
first, will retain its vitality for that period, , '

Tt is always deairable to be as careful as possible not to get fragments of other tissues mixed
with the eggs and milt, and the admisture of dirt of any kind is to be avoided. To separate
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any such fragments nicely, I od a swall strainer of coarse bolting or ¢heese cloth to be very
convenient.

In the foregoing description we have described the method of obtaining the spawn only from
the gide of the animal exposed in opening the shell. A little experience will enable one o lift up
the head end of the animal and throw it back over the great adductor muscle, expose the opening
of the reproductive organ on the left side, or whatever the case may be, and also express the
spawn from that side, thus as effectually obtaining all of the ripe eggs or milt as is possible in the
process of faking the same from fishes.

It is remarkable to note the success attending this method, since almost every egg is perfect
and uniojuored, the percentage of ova which are impregnated is mueh larger than by the old
method, reaching, I should say, quite ninety per cent. of ail that are taken when the products are
perfectly ripe. It is also found that the products are not so readily removed by my proeess if they
are not perfectly mature, which is also to a certain extent a safegnard against getting poor or
immature spawn. In the course of an hwur after the produets of the two sexes have been mingled
fogether it will be found that nearly every egg bas assuwed o globular form, has extruded a polar
call, lost the distinet germinative vesicle and spot in the center, and begun to develop.

1t is noteworthy that our practice as herein deseribed has completely vindicated the state-
ment made by the distingnished French anatomist and embryologist, M. Lacaze-Duthiers, that
there is but a single generative opeuing on each side of the visceral mass of the Oyster, and that,
a8 we have stated, it is found to open just below the great adductor muscle.

We have also discovered, since the foregoing was written, that the use of an excessive amounnt
of milt is of no advantage. The water in which the eggs are to be impregnated only requires to
be rendered slighitly milky; a very few drops of good milt ia sufficient to make the impregnation
a guecess. Too much milt canses the eggs to be covered by too large a number of spermatozos;
thousands more than are required if too much is used. These superfluous spermatozos simply
become the cause of a putrescent action whieh is injurious to the healthy development of the eggs.
A drop of milt to twenty drops of eggs is quite sufifieient.

Immediately after the ova have been fertilized it is best to puf them into elean sea water ab
once, nsing water of the same density as that in which the adults grew. If the attempt is made
to impregnate the eggs in water much denser than that in which the adults lived, it is probable
that the milt will be killed at onee. This singnlar fuct, which was accidentally discovered by
Colonel Mc¢Donald and myself, shows how very careful we should be to take into consideration
every variation in the conditions affecting a biological experiment. If sufficient water is used no
trouble will be experienced from the pollution of the water by dangerous micro-organisms which
are able to destroy the oyster embryos. | From fifty to two hundred volumes of fresh, elean water
way be added to the velume in which the eggs were first fertilized. This may be added gradually
during the first twenty-four hours, o as to assist adration awd prevent the saffocation of the
embryos.

214. RATE OF GROWTH OF OSTREA VIRGINICA.

~ B1zE OF THE EGG.—The egg of the American Oyster, according to Brooks, is approximately
vhs inch, being very pearly perfectly spherical after the extrusion of the polar or direction cells
{Richtungsbidschen of the German embryologists). This accords with what the writer has observed
in onr species, and in the Portuguese Oy:ter, probably 0. angulata Lem., the size of the egg
appears to be sbont the same, judging from specimens of the latter examined by me in March
last.. Jndging from the fignres and the stated amplifications given in the papers of M. Davaine,
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the egg of Ostrea edulis I8 yig ineh in diameter. Estimates based on the figzures of M. Lacaze-
Duthjers give dimeasions of 35 inch, These discrepancies I think are probably too great, and
may be dne to imperfect micrometric methods. If they are real it would indicate a specific
difference of some importance between 0. edulis and O, virginioq.

The aetual volume of the egg of the American Oyster would accordingly be a little more
than wrgsdeuws cubic ineh, a solid so minute that we.are unable to frame any adequate eon-
ception of its diminutiveness. Under the best conditions, as seen aguinst a dark back-gronnd,
it is visible as a grayish-white speck ; almost an optical point. It is frow this diminutive spherical
mass of living matter that the young Oyster is developed. The development of theé embryo
proceeds, as far as I can make ont, according to the accounts given by Davaine, Brooks, Horst,
and others, similarly to that of other lamellibrapchs. To Hatscheli! we are indebied for the most
secure Toundation for our future embryological investigations upon this difficnlt group of mollusks;
and we must not forget to mention the very important researches of Ray Lankester {Phil. Trans.,
1875), principally upon Pisidium. 1 have not becu able to observe the development of the larval
Oyster beyond the size attained by it after the complete segrentation of the egg, the develop-
mept of the shell, the velum, and alimentary tract. In fact, no embryos which I have attempted
to rear from artifieially impregnated eggs have ever lived long after the time wlhen they began’
to take food, which is iminediately after they acquire the velum, permanent mouth, and vent,
and are almost or altogether covered con either side by the very symmetrical larval shells, which
consist of carbonate of lime laid down in a matrix of conchioline, The isolation of the conchioline
is readily effected by the use of ucetic aeid, the acid dissolving out the lime entirely, I find
that Brooks and Dr. Horst? have tried a similar experiment with similar resuits. The latier
writer has also been able to wateh the developrﬁen’n of the naturally impregnated ova of Ostrea
edulis until a pretty advanced stage was reached. He disagrees with Brooks in his interpretation
of the gastrula stage, and thinks that the invagination regarded by the Ameriean investigator
as the blastopere must be eonsidered to represent simply the first rudiment of the shell-gland.
In assuming this position, from what I have been able to gather in the course of my own investi-
gation of the development of the Awmerican species, T think we are bound to aecept Ir, Horst's
determination of the homology of the shell-gland of the Oyster with that of other lamellibran-
chiaie and cephalophorous molnsks.

EARLY STAGES OF DEVELOPMENT.—The oral invagination, accordmg to Dr. Horat, originates
on the opposite or ventral side of the embryo and has no conneetion with the dorsal pakHial
invagination or shell-gland. The early stages of the American and Furopean species, like the
later ones, appesar to present no marked differences, exeept that the latter appears, on the evidence
of Dr. Horst, Mdbius, and others, to earry the ova and embryo in the mantle cavity, from which
the first-named author obtzined his material for study, by breaking a hole through the shell near
the margin, so as to enable him to introduce a pipette iuto the pallial chamber. This method of
getting embryos is impossible in our native species, which has wholly different breeding habits, as
is proved by the investigations of Brooks, Winglow, Rice, and myself. How much further than
heretofore Messrs. Brooks and Winslow have been epabled to carry the development of our native
Oyster during the past season at Beaunfort, North Carolina, I have not been able to learn, nor dol
know anything wore definitely as to how much saccess has been attained in the artificial produe-
tion of Ostrea edulis from artificially-impregnated eggs at the hands of Mr. Littlewood, of England,

! Uehar Entwickelungsgenchichte von Teredo. Arbeiten aus dem Zool, Imet. Wien., .'Bd i,
* Bijdrage tot de Kennis van de Ontwikkelingsgeschiedenis van de Oester {Ostren edtdu 1.}, door Dr. B. Horst. 'rudachr
d. Ned. Dijerk, Vereen, Deel. vi, 1882,
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who has clauimed that he had suceeeded in rearing them to the age of five months, apecimens of
which it is said were shown at the Fishery Exhibition reecently held in Edinburgh.

EXPERIMENTS AT SAINT JEROME’S CREER.—OQur experinents made at Saint Jerome’s Creek
during the past summer gave the most contradietory results, and the interval of development
between that of our oldest embryo with its diminutive Pisidium-like valves measuring about ¢y
inch in diameter, and that of the embryo when its valves first begin to lose their embryonie form,
still remains unbridged. The dimensions of the embryo or “fry,” as we may more properly call it
when it becomes fixed, are between gy and ¢ inch according as tle measurement is made longi-
tndinally or transversely. The differeuce in magnitude between the oldest artificially incubated
fry seen by me and that of the youngest fixed embryos which I collected is very small, amounting
only to ;iis inely or a little more thau iy iveh. To determine the relative volumes of these
stages, and consequently the ameunt of food which Las Leen taken in and converted into the
structure of the more advanced stage in addition to the original bulk of the egg, we need only
take the cubes of their respective diameters and compare them. Taking the diameter of the egg,
or iy inch, as the diameter of the most advanced embryo seen by me, which we will consider
unity, and comparing it with g% ineh, or the transverse diameter of the newly fixed fry, we find,
after haviug reduced the last quantity to its simplest form as compared with 1, or the dismeter of
the egg, that we have 5.1+. 7The diameters then of the first and last embryonic or truly larval
stages are to each other as 1 is te 5,14, and consequently their velumes will be to each other as
the cubes of these uumbers, or as 1is to 132,651+. The difference between these two quantities,
or 131.651 4 times 1, will give us approximately the amonnt of food material which has been taken
up by the embryo in passing from the condition when it was first able to feed until it fixed itself,
showing that the process of growth hus been going on vigorousty in order to angment the volume
of the yountg creatiire at the enormnons rate indicated by our figures. We have, however, been
dealing not with absolute but with relative or compared volumes only; if the egg containg
ysoodesye Cubic ineh of protoplasmic matter approximately, the newly-fxed fry, which we will
asgume to be globular, and contains, as shown above, over 132 times as much material, the
absolute bulk of the latter will be gi55hswep eubic inch multiplied by 132, or 534,55 cubic
inch, which, in its simplest form, is therefore rgzigyy calic inch, or the absolute volume of the
newly fixed fry. Ninety cubed, or 729,000 young Oysters could therefore be contained in a cubic
inch of space, it taken at the stage at which they begin to be transformed into spat. This large
number is, of course, smail when compured with 123,000,000, the number of eggs which might be
contained by the same extent of space.

THE LARVAL OHARACTER OF THE YOUNG OVYSTER.—The proof of the larval character of
the youngest fised stage of the Oyater rests upon the three following well-aseertained facts:
lat. The perfect symmetry and great convexity of the valves; 2d. The eutirely different shape
of the shell as compared with those of the spat and adult; 3d. Its wholly different micro-
scopic structure when compared with the later and full-grown stages. The form of the shell, at
the time the animal is about to begin to develop the spat shell, is suborbicnlar, very thin, ven-
'tricoae,‘resembling in many respects the shell of Cyclas or Pisidium, having the symmetry of
those genera, with uinbones of about the same form and prominence. These features mark the
larval ghell of the Oyster so nnmistakably that its valves may always be very readily recognized
~ at the tips of the valves of spat under a year old. The larva] valves lie on the tips of the valves
of the spat like small hemispherical caps, but can usually not be found after the young Oyster
enters upoil its second year, ag its umbones, together with the larval shells which surmount them,
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have bheen eroded by the action of the earbonic divxide in solution in the sea-water. The
presence of the larval skells in #n unimpaired copdition on the umbones of the valves of Oysters
ia therefore an indieation that such specimens are young, probably under a year old.

The third character, alluded to above, which distinguishes the larval shell of the Oyster is
the perfect homogeneity of the ealeareous matter. Unlike the valves of the spat or translueid
flakes from the shell of the aduolt, they exhibit ne prismatic arrangement of the calcic carbonate
in a matrix of eonchioline, In the valves of the adult and spat, on the other hand, the calcic
carbonate tends to assumne a prismatic. arrangement vertical or at right angles to the plane of
the length and breadth of the shell. This distinction is so marked that in very young individuals
which have only lately become fixed one may very readily determine with the aid of the micro-
scope the line of demarkation along which the formation of the larval shell ceased and where the
prismatic caleareous structare of the valves of the spat began to be developed.

CHARACTERS OF THX LARVAL SHELL.—The ounly characters of structure which the larval
shell has in common with that of the spat and adnlt are the lines of growth visible in all three.
This shows that the valves grow in extent at all stages by the addition of lime {o the edges of
the valves, each layer of mineral matter and organic matrix extending over snccessively greater
and preater areas, as in the growth of the shells of mollusks in general, the umbones being
the points from which the valves grow in an eccentric manner in consequence of the gradually
inereasing extent of the mantle—the sheli-seereting organ—as the growth of the animal
proceeds. Having elearly defined the nature of the larval shell of the Oyster, up to the time
when it is ready to Legin to build or secrete the shell of the sput, we may next discuss the
character of the transition from the one to the other,

The transition is apparently an abrapt one. The excessive convexity of the valves of the fry
contrast strongly with the almost flat lower valve and feebly convex upper one of the spat. At
the free edges of the lurval shells where they pass directly into the stracture of the valves of the
gpat there is a-marked offset or angle marking very distinctly the difference of convexity between
the two stages of shell development.

Foop or THE YoUNG OYSTER.—As already remarked, 1 have scen food in the intestine
of the young Oyster on the second day of development, but how lang it may take before the
young cmbryo of this stage of growth shall have taken aund appropriated one hundred and
thirty-two times its own volume of food material, I am not able to say. This it mast do
before it can have attained to the size of the larva whieh is transformed into spat. The food
is propelled through the alimentary canal Dy the action of imnumerable vibratory filaments
which clothe the inside of tbe throat, stomach, and intestine as in the adult; the intestine,
stomach, and liver are not, however, as complex as in the full-grown animal.

Of the method of fixation I have as yet learned nothing of value, That this is accomplished
by some sort of byssus I have no doubt. The fact that it is the left valve which is always the
lowermost and attached one would indicate that the method of fixation was not capricious or
haphazard in its nature. _

I wounld infer from what we learn from the study of other animals that it may require guite 8
week before an embryo reaches the dimensions of one-eightieth of an inch, but we bhave no data
upen which to base any conclusions of valne. Of the later stage of development we know some-
thing definitely. The main fact which we have so far decided is the size of the larval shell.

RATE OF GROWTH.—After fixation the growth of spat is very rapid, as may be inferred
from the fact that I have found spat upon collectors which bhad not been placed in position
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more than a week fo ten dags, upon which 1 detected spat one-fourth of an inch across. In
other cases the following were the observed dimensions: On a collector which lhad been placed
near a bed of spawning Oysters for twenty days 1 outalned a specimen of spat seven-sixteenths
of an ineh across; from another collector nmersed for forty-four days I obtained specimnens
thirteen-sixteenths of an ineh in diameter; rom another out forty-eight days a specimen
measuring about one inch. Amnother set of collectors which had been out for seventy-nine days
had spat atiached which measared one and three-fourtbhs inehes ceross.  Some still larger spat
collected by me was not over eighty-two days old, and measared nearly two ioches in length
from the hinge io the distal margin of the valves. Bl larger specimens have beon observed
by the writer, which bore every evidence of having affised themselves during the same
season,

1f we contrasé the above measurements with those given by Mibius of the spat of O, edulis
of known age, I conelude that the Awerican Oyster grows three or fonr times as rapidly as the
former. TFor instance, Mbius figures a Furopean Oyster twelve to litteen months old, which
mweasures only one and one-fourth inches in dlameter. Coutrasting this with the size of the
American at seventy-nine to eighty-two days old, und measuring from ene and three-fourths to
nearly two inches in dinmeter, we see hiow greatly our species surpasses that of Kurope in vigor
and rapidity of growth.

Of the rate of growth beyond the ages given abwove I have ouly a few data, based on the spat
which was eanght on colleetors put out in Saint Jerome’s Creek in July and August, 1880, In the
following autumn the collectors which bad Deen put out into the creek were tuken np and thespat
removed from them, This was then put into a boz, throngh whiel the water eounld circulate
freely, and pat back into the creek, in order that we might be ezabled to learn how much growth
these young Oysters would make doring the winter and next season. I did not have an opportu-
nity to examine them, however, until the 10th of July, 1852, From the time of their fixation in
July and August, 1880, to the time when 1 made my last examination of theae specimens, a
period of about twenty-three months had accordingly elapsed. One of the largest specimens
examined by me measured three and three-eighths inches in lengtlh and two and five-eighths
inches in width. Amnother smaller specimen measured two and a lalf iuches long and two
and a quarter inches in width. They were about the size of Oysters available for planting, and I .
have no doubt that in the course of two or three years more, if placed ander favorable conditions,
they would reach & marketalle size. The inference, therefore, is that it takes at least four to five
vears for an Oyster to grow large enougl, starting from the egg, to be available for market.

In order that an Oyster may grow to attain the great size of certain single individualy which
T have seen, it may take even ten years. I should think it would take at least that length of time
for an Oyster to grow until 13 valves would measure nine inches in length, a few of which 1 have
seen of this enormous size. These, it must be remembered, were not “ Raccoon Uysters” or ¢ Cat's-
tongues,” as the narrow, elongate individuals are called which grow so densely erowded together
upon the banks as to be abuormally lengthened. Under favorable conditions, I do not think
it improbable that an Oyster way live to the age of twenty years, atiaiving corresponding
dimeunsions.

215. THE FO0OD OF THE OYSTER,

UBSERVATIONS AT SAINT JEROME'S CREEK.—The following extracts, taken mainly from
my report for 1880 to the Fish Commissioncr of Maryland, will give some idea of the kinds of
organisms usually encountered on oyster bauks and beds. These observations were made at
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Saint Jerome’s Creek, a few miles north of the mouth of the Potomae, during the months of July,
Augaust, September, and October:

“The food of this mollnsk, as is well known, consists entirely of mieroscopic Deings and
fragments of organic matter, which are carried by currents from the paips and gills, which have
been already described, to the large mouth of the animal at the hinge end of the shell, The inside
of the gullet and stomach, ke somne other parts of the body, are covered with cilia, so that food
once fairly in the month will be carried by their action down to the cavity of the stomach, where
it is carried into the folds and deep pouches in its walls, and even inte the opeuings of the bile
ducts, to underge digestion or solution, so as fo be fitted in its passage through the intestine to
be taken into the circulation, and finally disposed of in building up the structures of the body.

« Along with the food which is taken, a very large amount of indigestible dirt, or inorganic
matter, is carried in, which, in a great measure, fills up the intestine, together with the refuse or
wagte from the body. This material, when examined, reveals the faet thut the Oyster subsists
largely on diatoms, a low type of moving plants which swim about in the water, incased in minute
sandstone cases, or boxes, of the most delicate beauty of workmanpship. These, when found in
the intestine, have usually bad their living contents dissolved out by the action of the digestive
juices of the stomach, I have found in our own species of Oyster the shells of three different
genera of diatoms, viz: Campylodiscus, Coscinodiscus, and Navicula. The first is a singnlarly bent
form; the second is discoidal; and the last boat-shaped, and all are beautifully marked. of
these three types, I saw a number of species, especially of the latter, but as I was noi an authority
upon the systematic history of any of them I had to neglect the determination of the species. No
doubt many more forms are taken as food by the Oyster, since I saw other forms in which the
living matter inside the siliceous cases was brown, the same as in most of the preceding forms
which I have indicated. Some of these brown forms were so plentiful as to color & considerable
surface whereon they grew of the same tint as themselves.

« Besides the diatoms and the spores of alge, the larvae or young of many animals, such as
sponges, bryozoa, bydroids, worms, mollusks, are small enough to be taken in as aliment by
the Oyster, thongh their bodies in most cases being soft and without a skeleton, it is impossible
to find any traces, either in the stomach or intestine, of their remains, to indicate that they have
formed a part of the bill of fare of the animal. What, however, demonstrates that such small
larval organisms do help to feed the Oyster is the fact that at the heads of the small inlets or
creeks along the Chesapeake, where the water ts but little affected by the tides and is gomewhat
brackish and inclined to be stagnant, there always appears to be a relatively greater development
of a somewhat characteristic surface or shallow water fauna of minute forms.

«In Saint Jerome’s Oreek the microscopic fanna of its headwaters is entirely different from
that of the body of the ereek; two minute forms inbabit in vast mumbers the former, while I
sought in vain for them in the more open and changeable waters of the main body of the inlet,
which are bronght into active movement twice a day by the action of the tides. One of these
forms, an iefusorian,! one twenty-fifth of an inch in length, was found covering every available
surface of attachment, so that countless multitades of the naked yonng would be swimming about
in the water previous to building the curions spiral tabes which they inhabit—admirably fitted i
thix state as food for the Oyster. Besides the type referred to, there were a number of other
infusorians, which in their so-called swarming stages of development would become available
as Oyster food, Of such types 1 noticed four different species, either belonging or very nearly

O the ocourrence of Freia producia, Wright, in the Chesapeake Bay.—Awm. Naturalist, 1650, pp. 810, 8l
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related to the genus Cothurnia ; all of the forms built tubes for themselves. 1 alse noticed several
forms of bell animalenles, the swarmers of whicl would becowe available as food for the Oysters

lying in the vicinity,

“The diatoms did not seem to me to be more abandant in the headwaters than in the open creel.
There was one moss animal of remarkable character, which I found in the headwaters on ly. This
creature was very aburdant, and no doubt its emliryos, like those of the infusoria referred to, were
available as food. '

“Of freeswimming infusorians, I noticed a number of genera; one especially attracted my
atteution from its snake-like appearanee and singuolarly rapid contortions; it had a tuft of vibraiing
hairs or ¢ilin at the head end in dlose relation with the moutlh,  Another more abundant type was
the curious genus Fuplotes, with o thick shell jnclosing the soft protoplasm of the body; the jatter
was of an oval form, flat beneath and rounded on the back, so that tlhe resewbiance when the
large foot-like cilia were in motion, carrying the animal about, was strikingly like a very minute
tortoise, the resemublanes being heightened when the animal was viewed fiom the side.

“Rod-like alga of minnte size, the larva of crustacea, especially the vast numbers of exirewely
small larval Copepode, must enter as a pereeptible factor into the food supply of the Oyster.

¢ There is no dowbt but that the comparatively guiescent condition of the headwaters of these
inlets and creeks, available as oyster-planting grounds, are more favorable to the propagation of
minute life than the open bay or ereeks, where the temperature is lower and less constant. Prac-
tically, this is found to be true, for oystermen seem to be generally agreed that Oysters ¢ fatfon’
more rapidly, that is, feed more liberally in the headwaters—Dblind extremities of the creeks—than
elsewhere. This notion of the oystermen s in agreement with my own obgervations during the past
Year. Oystermen also assert that Oysters ¢ fatten’ more rapidly in shallow waters than in deep
ones, o point upon which [ made but few observations; but such as I did make tended to confirm
such an opinion. Iu illustration I way contrast the condition of the Oysters in the poud leased by
the commission at Saint Jerome’s und those dredged off Point Lookont, in twenty or thirty feet of
watter, on the 3d day of October, 1850. The Oysters in the pond, by the middle or cud of September,
were in good condition as to flesh, and marketuble, while those front deeper water off Point Lookont,
and but little later in the season, were still extremely poer, thin, and watery, and utterly unfit for
lnarket. These differences in condition, it seems to me, are to be attributed in a great measure to
differences of temperature and the abundance of food, but mainly to the latter.”

These observations give us some hints regarding the advautages arising from the enltiva-
tion of Oysters in more or less stagbant water, in which, as in the French parks or elaires, an
abundance of mieroscopic life would be generated in consequence of o nearly uniform temperature,
bigher in the early autuma months at least than the waters of the open sea, where cold currents
ulso wonld tend to make it stilt less uniform and thus interfere with the generation of the minute
food of the Oyster. Tn other words, it would appear that the effect of the French method is to
furnish the best conditions for the rapid and constant propagation of an immense amount of
microscopic food well adapted to nourish the Oyster. That nnlike Oysters exposed to a rapid flow
of water on a Lottom barren of life they grow and guickly come into a salable condition.

BIrvATIONS BREST ADAPTED FOR OYSTER CULTURE.—In this country narrow coves and
inlets with comparatively shallow water appear to furnish the best couditions for the nutrition
and growth of Oysters; and according to my own experience these are the places where we aet-
uslly find minute animal and vegetable life in the greates: abundance, und, as might have
been expected, the Oysters planted in such sitnations appear to e in good condition early in
the au-tﬁmn; leng before those which are found in deeper and more aclive water, where their
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food has less chance to multiply. If the ¥rench mode applies successfully to an inferior apecies,
ours, whick grows so much more rapidly, cught to derive a proportionally greater benefit from
being treated in the same manner. However, before we are ready to deal with the material
on which the Oyster feeds, we desire & more perfect acquaintance with the microscopic life
which grows upon oyster-beds and swimg about in the adjacent waters. From the fact that
the lower forms of life in fresh watler often appear in great abundance one year, while in the
nai:t, from some unexplained cause, none of the same species will be found in the same situation,
we may eonclude that similar seasonal variatiens occur in the phases of the microscopic life of
a given oyster-bed and its vicinity.

INFLUENCES OF ENVIRONMENT.—Such yearly variations in the abundance of mieroscopic
life are probably the causes of the variable condition of the Oysters taken from the same beds
daring the same geason of different years. Violent or sudden changes of temperature are prob-
ably often the cause of the destruction of a great amount of the minate life upon which the Oyster
feeds. Backward and stormy seasons doubtless also affect the abundance of the microscopie life
of the sea. All of these questions have, however, as yet been scarcely touched, and, judging from
the disposition of many of our students of zoology to be content merely with a description of new
species and the eompilation of lists, instead of also entering inte investigations of the life-histories,
the relative abundance of individuals, and the influence of surrounding conditions upon the
forms they stody, it will take some time yet before we get the information so much desired.
When we arrive at this knowledge we will know why it is that Oyaters taken from a certain bed
are in good condition for a season or two and then for one or more years are found to be watery and
of poor quality, as well ag why it is that the Oysters of certain beds, which for years have had a
high reputation for their fine gualities, are snddenly found to be more or less green in the beard,
a8 I have been informed i3 now the case with the Oyusters of Lynn Haven Bay, Virginia.

Ag to the influence of brackish water in improving the condition of Oysters, let me observe
here that those who hold to that opinion appear to forget to bear iz mind that brackish.water beds
are often in the case just described; that lying in shallow, relatively quiet water, an abundance
of food is generated which is rapidly consumed by the animals, quickly bringing the latter into
eondition, the bhrackish state of the water getting the credit of the result.

#In a paper published in the report to the British Government on oyster-culture in Ireland,
in 1878, Prot. W. ¥, Sullivan, af Dublin, remarked that independently of the mechanical constita-
tion of the shore and littoral sea-bottom, {. e., deposition of sediment, the currents, the tewperature,
ete., the natore of the soil produces a marked influence upon the food of the planis and sedentary
animals that inhabit the locality, as well as upon the association of species. Especially is it the
case with Oysters, that the soil exerts so much’ influence on the shape, size, color, brittleness of
shell, and flavor of the meat, that an experienced person ean tell with great certainty where any
particular specimen was grown! . . . Were we able to determine the specific qualities of
the soil which prodace those differences in the gualities of Oysters, it would be an important step
in their cultivation. Again, soils favorable for the reproduction of the Oyster are not always
equally favorable for their subsequent development; and, again, there are many places where
Oysters thrive but where they cannot breed. This problem of the specific influence of the soil is,
kowever, & very difficult and complicated one. First, becanse it is almost impossible to separate
the specific action of the soil fromn that of the otber cavses ennmerated ; and next, because, though
much has been written on the subject of Oysters, 1 do not know of any systematic sertes of experi-
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ments carried ont upon different soils, and for a sufficient length of time to enable accidental
causes to be eliminated, which conld afford a clue to the determination of the relative importance
of the action of the several eauses above enumerated at the different stages of development of the
Oyster. . . . Ibelieve the character und abundance of Diatomacea and Rhizopoda, and other
microscopic animals, in Ogyster-grounds, js of primary importance in conmnection with Oyster
cultivation, The green color of the Colchester and Marennes Oyster shows how mueh the qnality
may be affected by such orgarisms, It is probable that the action or influence of the soil of Oyster-
grounds upon the Oyster, at the various stages of its growth, depends mainly upon the nature and
comparative abundance of the Iiatomacea, Ehizopoda, Infusoria, and other microscopical organisms
whicll inhabit the ground. I have accordingly always noted where the mud appeared to be rich in
Diagtomucea, Foraminifera, and other microscopicorganismns. A thorough a study of a few differently-
gituated Oyster-gronnds, exhibiting well-marked differences in the character of the Ovster from
this point of view, by a competent microscopist, acquainted with the classes of plants and animals
Just mentioned, would be of great scientifie interast and practical importance.”

PROTOZOANS OF SAINT JEROME'S CREEE.—The Protozoan fauna of Saint Jerome’s Creek
presents considerable variety; several species of test-bailding Cothurnie were noticed, one
Vaginicola, three species of Verticella or bell-animaleules, free-swimming Fuplotes, Nassula; of
the latter type an exceedingly elongate form was noticed, with & body almost us slender asa
thread-worm. Monads were noted sometimes in profusion, though some of these may have been
the spores of algme. Amaboid forms were very few, and the only one which was frequently
noticed was a form so nearly like Actinophrys sol that I would pronounce it the same.

The Freia producte Wright was most common ; this creature is related to the fresh-water
trompet animaleules, and is one of the most beantiful Protozoans I have ever seen. 1 reproduce
bere, with some changes, my description of the Chesapeake form from the “ American Naturalist”
for Xovewmber, 1880 :

¢ The tubes in which the animalcule resides are formed of a parrow transparcoit ribbon of
horay consistency, wound iuto a spiral and terminating in a trumpet-shaped extremity, from which
the odd peristome of the inhabitant protrudes. The basal or attached end is usually Lent at an
angle to the tube and bears a striking resemblance to the fuot end of a stoeking resting apon the
sole. This portion is not composed, like the tube, of a spiral ribbon, but is simply & thin-walled
sac, from the opeu end of which the ribbon takes its rise, but it is composed of the sume kind of
material. Many of the tubes show a trumpet-like rim projecting from the sides of the former, a
little above the iniddle, and of the same form as the terminal rim, showing that this, like the form
described by Mr. Wright from British waters, may stop building its tube for a time aud then
recommence,

“The adalt animal, tube and all, when fully extended, witl measure one twenty-fifth of an
inch in length. 1t is of the same volor as Stentor cwruleus, or bottle-green, but has the power of
elongating and twisting itself as greatly as S, reseli. The peristome is quite unlike that of Freia
ampulls and bears a strong likeness to the blades of a pair of obstetrical forceps. The Dlades are
deeply grooved, forming a deep ciliated demi-canal with parallel sides, and at the junction of their
bases lies the spacious, twisted, and spirally ciliated pharynx, which is bounded dorsally and
ventrally by the prominent folds which unite on either side with the long, curved lobes of the
peristome. There is a small basal disc as in Stenior, and the ectosarc is traversed us in that genus
by parallel granular bands, regarded 2s muscular fibers by some writers. The usual food-balls
and vacnoles are present, and I was enabled to define sharply the endosare from the ectosarc,
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and clearly see the nuclens. The tube or ribbon-secreting organ described by Wright I was unable
to diseover.

“ When fully extended the basal portion of the animal becomes attenunated to a thin bluish
filament, which widens towards the peristome, where the body is over half as thick as the ingside
diameter of the tube. When fully retracted and resting, the animal resembles in its oblong shape
a retracted and resting Stentor, and measures about {5 as long as when fully extended. The
ribbon which forms the tube makes from four to twenty-four turns in specimens of different ages.”

This organism I since find to be an inhabitant of the bay also, but is not g0 abundant as in
the creek. Small mica eollectors fixed to floating corks in the hatching jars and aquaria used
during the past season were found to afford a nidus for Freia as well as Zodthamniuwm, the latter
multiplying at a most astonishing rate in a very few days. Under similar conditions, ameebz,
apparently A. proteus, multiplied at a suprising rate; this was the ease, too, with a small brown
dintom which wounld coat in three or four days the sides of the glass vessels with a thin brownish
film ecompored of eountless myriads of individuals of the one gpecies. The temperature of the
bay-water used in the aguaria at this time would range from 760 F. to 890 I.  The Vorticellide
also soon attach themselves, and next to the hypotrichous infusorians found in the locality are the
most important animalcular forms foond in the Chesapeake. At the mouth of the Cherrysione
River 1 last year found Fienophora cohnii in great abundance ectoparasitic upon an unidentified
hydroid. The heliozoin, Actinophrys sol, is found in the bay and Saint Jerome’s Creek, and I think
it capable of swallowing dead or enfeebled Oyster eggs and emhryos.

MUTUAL RELATIONS BETWEKEN THE OYSTER AND ITS PREY.—Mobius calls an Oyster-
bank a Biocenosis or interdependent community of life. The many species of animals found
ont the banks and beds are no deubt more or less mutnally dependent upon each other for
snbsistence, but this is perhaps not any more true of Oyster-bauks than it is of terrestrial
faunm. There are no doubt vast numbers of floating embryos of Qysters eaten by other
animals growing on the beds which bring their food supply to themselves by means of
currents produced by eiliary motion. On the other hand, there are no donbt vast nuinbers of the
minate swimming embryos of these, drawn in and swallowed by the Oyster, which may, indeed,
for anght we know, in this way swallow many of its own young, for the current produced by the
Oyster by means of the cilia clothing its gills is by no means » feeble one, though it is exceeded
in power by the current flowing into and out of the siphons of Mya. In thelatter I have frequentiy,
upon opening the aniwal, found several Copepode plainly visible to the naked eye swimming
about in the water in the inferior mantle eavity, which had evidently been drawn in by the inward
crrent. It is plain in this case that very mild means may become effective as prehensile and
destructive ageuts, 8o as to bring remotely related types into intimate vital relations.

Thongh an animal may be apparently iuvulnerable on accouut of the efectiveness of its
covering, it cannot emancipate itself from the abiding struggle it has to make to obtain food, no
matter how passively it may appear to conduct itaelf. The Oyster bas such » charactsr, yet it has
been apparent from what has been observed before, that it is _entirely' dependent for a vigorous
existenece upon the favorableness of surrounding conditions. The beds and banks in a trne seDss
are interdependent communities, whose vigor may no doubt be impaired by the removal of a single
one of its members. Snppose we sbould take away the algs, diatoms, Oyster-crabsy, wihriones,
bacteria, infusoria, in fact all the minute life; we should greatly impair if not destroy the vitality
of the beds. While it ia true that many of even the smallest forms may destroy Teod which
should properly be consnmed by the Qyster, that were it not for the presence of these same small
forms some destructive element might attain such a development as te be more injurioas still.
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There is thersfore ne doubf buf that a delivate balaves of power s maintained by these rivals
which is best for the health of the eotnmnunity. The stability of permanent syvster-beds, it must
e remerabwrad, furnishes the right eonditions for the survival of many types, 11 is a plase where
they #ind both o home awl wlevty of foud, It iz the very favarableness offured by those places
whiszh fends to induce them to cougregute atd moltiply, and it hecomes a seriovs question whether
the agtificial establishment of bauks will nat in time eause the proper types to cougregete and
muttiply 5o as to siford the nevded food supply for the Oysters,  That destravtive mewbers of the
commusity may alse be attragted is admitted, bat if ths heds are established in shallow waters, as
I have previously sugpested, the destruciion of sach unwelvams introlers may be very readily
effected. < Drills ” wid boring-sponges are naturally o be heought of as types whivh sheald be
deatroyed, while diatoms, isfuseris, small polyps, bryozoa, minute alge, ote., are to be favored in
every way. Those forms agaiu which the oyster-calfuriss knows are only there for the purpose
of getting a gomd Hving with Little tronble to themselres ouglt to e dostroyed,

¥r might be an advantage to introduee sertatn desivable Toris ente a bank, which wight be
snpposed to be tseli] as o food supply.  Iufusorta aud diatoms not provisesly existiog wight be
introdaced in this way; this, I think, would be espacially sasy in the case of the fivmer whete
the type was oo which is fized during its adult lits,

214, ON THE CAUSE OF THE GREEN COLOR OF THE UYBTER.

BXpifiMENTS AT WARHINGTON AND PRILAGELTAIA.—I have fHequentty read secounts of
Oysters whivh bad beoome geeen-fleshed i certain focafities, and i ban alse been asserind that
campetont elwinisis liad diseoversd polsonena groeo substanves of matallic svigiv in saoh spea.
weng,  Tests wade ot the Smithsonian Tustitsiion by Professor Badlich in 1879 failed o disciose
ruythiog poisoncus in seme groen Ovsters which bad exeited the suspicion of the Bomd of Health
of the ity of Washington, This tnvestigator, it iz Jdesirable to state, resorted to every fost kuows
ta him in order 1o diveover if anything poisonows was present, and fuiling to diseover any barmsfal
sabatance copcluded that the coler must be due to sowe inert materind. 1o erder to see 3Y the color
was due fo the presence of some green compound of eapper, Praf. H, O. Lewis, of the Academy of
Fatural Belences of Philadelphia, kindly made some delicats tests for me, using small dried trag-
wents of an Oyster vory deeply tinged with green in various regions, especinlly i the Yver, son-
neetive lssue, and manile. The feagments wers hirned io a bead of miszoeesmie salt and ehloride
of sodinm on » clean platinum wire in 5 gas flane; this fest did not give the charscteristic sky-
Gine fame which sbonld have beon developed had thers been the minufest trave of Ccopper Prerent.

e is therefore clear that the substance, whatever it may be, 18 nat & vorrosive wetaliic poison
derived from copper, which if present would slmest undeubtedly be detected by 3 peadiar rerid
metallic tasie, which would he cxperienced when one ate such Uypsters,  In makivg some practical
tests ae to the relative gualities of guch Ousters a8 compured with white Heshed ones, oppot-
tupities for which were kindly furnished me Dy Mr 3. M. Carley, of Fulion Marker, 1 fasded fo
detect the slightest gitference of Saver., RBueh also is Professor Leidy’s verdiet, whe informs
me thet he made a similar experiment, and a restauratedr, with whom 1 discossed the matter,
declured that he was i the habit of selucting them for his own eating, preferring their Qavor to
Wt of the white O sters,

FARIATIONS IN COLOR—If it be olijected that the green culor indicates sn nuhealthial
conditiop of the animal, it may be stated thet other celar variations of the flesh have fallen
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under my observation recently. What is now alluded to is the yellowish, verging toward
a reddish cast, which is sometimes noticed in the gills and mantle of both the American and
European species. This, in all probability, like the green color, is due to the reddish-brown
matter which is contained in much of the diatomaceous food of the animal.

Mr. J. M. Carley has also called my attention te these variations, and was inclined to attribute
them to the soil in the vicinity of the beds. But it the classical writers are to be trusted, to the
green, yellow, and white fleshed sorts we must add red, tawny, and black fleshed ones. Pliny
tells us of red Oysters found in Spain, of others of a tawny hue in Illyrieum, and of black
ones at Circeii, the latter being, he says, black both in meat andshell. Horace and other writers
awarded these the palm of excellence.—{{’Shaanghnessy.) However, the black appearance may
only have been due te anabundance of the natural purple pigment in the mantles of the animal,
which varies very much in different forms; some, judging from the dark purple color of the whole
ingide of the shell, must have the whole of the mantle of the same tint. The amount of color in
the mantle, especially at its border, varies in local varieties of both the American and European
species, as may often be noticed.

Sometimes almost the whole of the outside surface of the mantle is charged with dark purple
pigment cells, That copper is not usually the canse of the green color of Oysters I also have the
additional testimony of Prof. W, K. Sullivan, of Dublin, who says:

#“Ag the green eolor of the mantle of Oysters from certain loealities just referred to is
commonly attribnted to copper, and as such Oysters are consequently believed very generally to
be poisonous, and their value therefore greatly depreciated, I made the most carefu) search for
traces of that metal in the muds which I had received from grounds known to produce green-
bearded Oysters. Opysters and other mollusca placed in solutions containing eopper and other
metals absorb them and retain them in their tissues. I have had two or threc opportunities of
examining Oysters which had assimilated copper, owing to mine-water containing it being allowed
to flow into estuaries at places close to oyster-beds. In every case the copper was found in the
body only of the Oyster, which it colored bluishg-reen, and not in the mantle or beard, whick was
not green. In the green-bearded Oysters which I have had an opportunity of examining, the body
was not green, and no trace of copper could be detected in any part of the animal. The ecolor,
too, Was not the same as that of the true copper Oysters, but rather that which would resuli from
the deposition of chlorophy or other similar chloroid vegetable body in the cells.”

The Americun consumer, however, need not be alarmed about the presence of copper in our
gpecies, as there are no beds on our eastern coast into which the washings from mines ever flow,
as we have no workable deposits of copper near any of our beds, as in Cornwall, Fngland. Besides,
I am inclined to doubt the statement of Professor Sullivan that Oysters or other mollusks can
absorb copper salts nntil their tissues are “colored bluish-green.” Every competent histologist
knows how very readily organisms are killed by the action of inorganic acids and salts, several of
which are constantly used by biologists in fixing histologicul characters. Liebig, in bis ¢ Animal
Chemistry,” long ago pointed out that the oxides and metallic é,ompcunds of aptimony, Arsetnic
copper, and lesd had a very remarkable affinity for protoplasm, producing its immediate death.
In consequence, he suggested a very high chemical equivelency for living matter. This has sinee
been confirmed by the studies of Loew and Pokorny, who found that silver nitrate would produce
a reaction with protoplasm if diluted to the extent of one part to a million of water.

PROBABLE CAUSE OF THE GREEN COLOR.—Ii is highly probable that the green color of the
Oyster is due to the abserption from its food of a harmless vegetable pigment. In this country
green-bearded Oysters ocenr at Lynn Haven Bay, Hongers and York Hivers, Virginia, oo the
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coast of New Jersey, in New York Bay, and Long Island Sound. I lave seen specimeus from a
nuamber of these Jocalities, and also tasted them both raw and eooked without being able to deteet
any disagreeable or apparently harmfnl flavor.

Diatoms and green alg:e occur in great abundance in the stomach of the Oyster, especially the
former. The infestine is gomethmes packed with countless numbers of the empty frustales or tests
of diatoms, mixed with dark, mudidy ooze or sediment and very fine particles of sand or gquartz.
It hos been objected that thie green color could not be derived from diatoms, hecause these organ-
isme are, as & rule, apparently brown rather than green. This objection 1 find to be based wpon
a misapprehension of the structrre of the IHatomacew, as may be gathered from the following
general statement taken from Sachg’ “Text Book of BHotany,” oue of tle Jatest and highest
authorities. Omn page 2232 e says: ““The diatoms ave the only algne except the Conjugate in which
the chloroplhyl ocenrs in the form of disks and bands, but in some forms it is also fouud in grains,
and the green coloring matter is concealed, like the chlorophyl grains in Fucacere, by a buff-colored
snbatance, diatomine or phycoxanthine.” It appears, then, sceording to the foregoing quotution,
that it is not impossible tor diatoms to Le the cause of the green tiut iz Oysters, whicl, let me
remark, is very nearly that of some pale green forms of those organizms whiel T bave observed in
water from oyster coves where I lLave condnceted microscopie stndies. Idoth green and brown
diatoms may frequently be foand iu the stomach, and in making examinations to discover them I
find it best to thrust the nozzle of a pipette directly into the stomach throngh the moanth and
w@sophagus, The pipette should have a eompressibie ball, 86 as to enable one to (draw up the
confents of the gastric cavity into the tnhe without injuring the animal or taking ap any fragments
of it to vitiate the experiment.

OBSERVATIONS OF GAILLON AND JounsroN.—Speaking of the abundanee of the Navicula

ostrearia of Kiitzivg, M. Benjamin Gaillon, in 1820, said that they inhabit the water of the
tanks or ‘ parks ” in which the Oysters are grown iw such immense abundanece, at certain seasons
of the year, that they can only be compuared to the grains of dust which rise in clouds and
“obeeure the air in dusty weather. Dr. Johnston, speaking of the Frenel Oysters, says that in
order to communicate to them a green color, which, as with us (in England), enbances their
valgs in the market and in the estimation of the epieure, they ure placed for a time in tanks
or “parks,” formed in particular places near bigh-water mark, and into which the sea can he
admitted at pleasure by means of sloices; the water being kept shallow and left at rest is
favorable to the growth of the green Conferver and Tloe; and with these there are generated
at the same time innumerable erustaceous animalenles which serve the Oysters for {food and
tinetnre their fiesh with the desirable hue.

Thig Iast remark of Dr Johuston’s at first struck me as improbahble, but I have met with greas
numbers of small crustaceans, Copepoda mainly, in the branchial eavity of the common Clam (Mya
arenarig). Certain peculiar species have also Leen deseribed by Allman from the branchial
cavities of ascidians. More receutly, while investigating the contents of the stomach of the
Oyster, by the method already described, I find that it also swallows crnstaceans, whieh are digested
and absorbed as food. The tests of nauplii or very minute larval crustaceaus with the contents
digesteil out were frequentdy met witlh, Doubtless many very small Copepade are also swallowed
and digested, but these are not green, Besides the foregeing, I sometimes met with the very young
shells of larval gasteropods and lamelibranehs: indeed, it is not improbable that the adnlt Oyster
may consume its own larvie. The remains ot Lryozoa were also observed, such as FPedicellina
americana. - The test of a peculiar elongute rhizopod and the cephalnia stage of several worms
.were also noticed. Of the smaller organisms usually associated with more or less clearly marked
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puirefactive changes, one which I find whnost aniformiy present is a filitorm or thread-like organ-
ism alied to Spirithem, 11, however, was always found in the stowach in great abandanee, nnd
especially in the pylovie portien of the intestine ia which the wrystallice style is lodgad, This
organist i8 probably harmless; a similar ene is freguently foand in both freslr and salt wafer,
and has af vimes been develsped in prodigious numbers in the reservoirs from which the supplisg
of water were drawn for a Jarge olty, withoot any evidence of its having produced a harmfal
effeet upon those who drank of fhe wafer.

YIiews oF LEIDY, PUTYSEGUR, AND DERECAISNE.—Y'rofesser Leidy, at a recent mesting of
the Acadeny of Natural Scienees of Philadelphia, stated it as hizg belief that Oyaters food wat
times on the zoospores of certain alge, as those of Tlva latissima {sea cabbage), which he knew
from persenal observation to be green, and which he thought might pessibly be the caase of
the green coloration of the soff parts of the animal as sometimes observed in eertain localities.
Very pogsibly this may be the case, but judging from what 1 bave seen and bheard ferom oyster-
men, as well &8 from what 1 have read i various publications relatinvg to this matter, I am ngt
inelived to regard this as the only source of the unusnal green tint of the flesh of the Oysier.
Y hope to be able to show that iy is prebably of vegetable origin, and therefore guite harmiess.
That it is not copper we may be equally certain, as Professer Lewis’ tesis have shows, for
any soch guantity of a copper salk as would produce the green gills, heart, and cysts in the
mauntle, such as are often observed, would, without doubt, e as fatally poisonous to the Oyster
a8 16 2 bhuwwan being. The source of the green has receuily been investigated by two French
savanis, MM. DPoysegur and Deesisne, who found that when perfeetly white feshed Ogysters
were supplied with water containing an abondanee of a4 green microscopic plant, the Navicula
ostrearin of Kiitzing, their flesh aenuired a corresponding green ting. These investigators also
found that if the Oysters which they had eaused bo boecome fmbued with this vegetable green
were placed in sea-water deprived of the microseopic vegetable food the characterintic color would
also dispppear,  Whether this will finally be foand io be the explanation in all cases vemains fo
he seen, as sowe recent investigations appesr to indicate that it is possivle that a green coloration
of animal organisms may be due 1o oue of three other canses besides the ope described above as
the sonree of the green selor of the Dyster,

GEDDES UVPOX CHLOROPHVI-CONTAINING ANWMALE~—Patrick Geddes, in a recent nmmber
of ““ Mature,” has pointad ont that the “list of sapposed chiocrophyl-confaining animals . . ..
breaks up into three eategories: first, those which do not coniain thlorephyl at all, but green
pipwents of unkuown function {Benellia, Tdotew, ote.]; secondly, those vegetating by their awn
intrinsie chlorophyl { Conveluta, Spenpitla, Hydre); thivdly, those vegetating by proxy, if one may
80 spesk, rearing copious alge in their own tissues, and profiting in every way by the vifal
activities of these” This laiter is one of the most interesting and fwmportant of madern biclogical
dizeoveries, that ving anima) bodivs may sctoally afford s nidns for the propagation of green
microscopie plants grd not be injured but rather be benefited thereby, ‘Fhe oxygen thrown
off by the parasitic vegetable orgatism appears to be absorbed Ly the tissues of the animal hosat,
while the ecarbonic-acid gas thrown off by the laster is ahsorbed by the vegetabls parasite, 1hos
affording each otber mutun! help in the processes of nutrition and excretion. This sitagular
associntion and interdependence of the aniwal host and vegetable guest has received the some
what cuwbrous name of Symbiosig, which may be transiated pretty nearly by the phrase “asso-
cisted existence” This ig not the place for the discaseion of the purely scientifie sapect of this
question as already ably dealt with by Dr. Rrandy, Patrick Geddes, Gesa Entz, and others, and
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wé will therefore only uotice thelr rosearches 10 So far oy vdeyr appear to have a bearingy upob
ihe ovigin of the green valor of the Orysiey.

ENT2 DIsCovERLs~—Entr kas discovered what be eonld canse volorlens indnsarin (@ betois
areen by feeding with groen palmellsoanis sells, whinh, moveover, 3id pot die after the dewrd of
thelr bosts, int contizmed to Hve, growing and Gevdlownyg within the Jatter antit their total evehe
tiou proved shem fo be forms of very shnple Wwicrosconiv srees algre, sueh ax Pelwelle, Gleveystis,
ste. My own observations an somo gresncofoved ofworsa) animads hsve been of so futeresting &
spranter that ¥ will Yere daseribe what J olwertesd 3 8 green bell avimaionle { Vortioslle chiers-
sigmal.  Upon mvestigatipy thelr stractare, T foand that next the prricle or siin in the oater soft
Jayer of thele botties, koown as the “ectosare” at all stages thove was o single sirptom of greee
sorpustles very eveuly or uniformly imbedded. In anuther forip (Rtentor), na wiready noticed by
Bteip, the same saperticial layer of green corpasedes wias phserved, veminditg one very Torelbly of
the snperfieial jayer of ehlorophyl prains obeersad iu The calls of otwe plants, as, for mstavve,
Anacharis, Now, it is well known that sertain avimalenies are ot thmes aqnite eolorless and sf

Cothers guite grecn: This apphesrs to be ihe case wih Oplegdigm,  To this lest ense I huve a
suspicion that vegetable parasites way Le the cavse of tde green vaviesy, tal as for the athery,
Stentor aud Vertivella, 1 am not so sare (hat adais green forms sre s cansed. In them the
supurfisinl positions of the green corpuscles go3 their hwhavior toward reagents lead me to
think that they must be regarded as integrul parts of the creatures i which they are found.

FAPURE OF THE GREBN MATTER IN ANIMALS--A priass-green pliarizt womn (Coseluty
Nedadéeid), forud 4t Resooff by Mr. Geddes, was bhseered Dy bitg to evales aXygen in iatge
ampniiie, ke o Bant, ald “poth chewioal wnd Wibvpdagieal sheervations gwived the alundans
Praselee b starch iU £ grpen cellys apd g8 Ahiee Blangeinns, gl presawnably, elso, Hydra,
Spongitic, ett, wors oroveid to pe traldy regefpny ammaie”  Wiile st Cpgatgsitg, Hie 1he
foreguing, appese t0 pave tene oblorophyl yratns tubedded sypergeiagy by their et saligtutice,
Others, like the radiolarinns, some Spuotophores, sen aneriupes, atd Jeliy-gsbes, bsclior tpue
vegetalile parasites, or, preferably, vegetalle guesty,

That the green observed in & vamber oFf anipal organisws is of tha napnte of ebloronhiv,
or tend green, has boen movad by Lapkester by means of the spectroseope. A, . Banpasir, Wb
siinding to Luakestet’s ubaervations, sayst “In )l cases the chiloropbylloid substance agrevs b
hawiug n stzong absorption band in the redwa 1t o the right or left-and, exeepl in Idofea, in
Deiug woluble in aleohol, and fn baving strong ved Prarcscence, and in Bpally losing it# eclor when
dissmved,”

The vegetable organisms whick have Deen found to inbabit the lower forms of 1ife alluded to
tn the foregeing paper have been regoried as belonging to two gensrs, which Dr. Brandt has
nagad Zodohlorelle and Zodzanthelln, and which are probably in paré sysoarniass with ihe genus
Philozoin, alterwarda propesed by Mr, Geddes, e latter gentlemsn, howevern, elaims @ have
frws demanatrated the trath of the viaw thas dhe yellow cells of radivlapincs and polyps ave alga;
Rocondly, the foundation of the hypoiliesis v the licheuoid patnre of the slliance Letwesn algm
and animal into a theory of mutas) dependence; and, thirdly, the transfeverce of that view fram
tke region of probable specalation inte that of experimental soienve,

Rithsrva no one hae apparently noticed e oocurzence of gresn vegetable parasitos In
bratve mpliusks excepr Professor Letdy, she 2os very kindly promitied me w0 ose the facts
ohiserved Ly him relating 1o Anodos, coe o8 our tommon fresh water Mussels. in this snimal be
Somp yodys age olwkrved what mast te vousdered (0 be algous parssites. MHe froad thew in
great uiinbers infesting the tiseney of the Mussel wnd of a larger &ize than the novisi of the geffy of
the host in which they were imbedded. They were also provided #ith s nucleus, agd were, pore-
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fore, not a part of the animal bat a distinet vegetable orgavism. These faucts, observed a long
time sinee, render it very probable that Pro‘essor Leidy was one of the first to notice the intra-
cellndar parasitisin of o plant in an animal,

The green color of the OQyster, as far as my experience goes, is not intense, as in Inany greeu
animals, such 4s wo observe in Stenfor, Spongilla, Hydra, etc., but is a pale pea-green tint,  This
has been found to be the eolor of affected natives ag well as of foreign ones, the gills and mantle
being usually most distinetly tinged. Ezxceptionally {he heart s affected, its colur sometimes
being quite intense.

EXPRRIMENTS UPON LUROPEAN OYSTERS.~Ib studying some Oysters which were obtained
from Eungland through the kind offices of Messrs. Shaffer and Blackford, in response to a regnest
coming from DIrofessor Baird, certain ones were found which were decidedly green. Of these the
French specimens of Ostrea edulis, and a very singalar form, iabeled * Anglo-Portuguese,” had the
gills affected, and in some of the latter the liver, heart, nnd mantle were very deeply tinged in
certain parts, se much so that I decided to make as critical an examination as my resources could
commantl.

Spectroscopte investigations gave only negative results, as it was found impossible to discern
any positive evidenee of chlorophy] from the spectrnm of light passed through thin preparations
made from specimens of green-tinted Oyster, some of which, like those made from the heart, ure
decidedly green to the naked eye. There wus no absorption noticed at the red and blue ends of
the spectrum, such as is observed when the light which cnters the slit of the spectroscope first
passes through an alecholic solution of lteaf green or chlerophy!l; indeed, the spectrnm did not
appear to be sensibly affected by the green substunce which caunses the coloration of the Oyster.
No attempt was made fo test the matter with the use of aleoholie green solutions obtained from
affected Qysters, as the former are not easy to get with a suflicient depth of coloer, becanse of the
relatively small amount of coloring matter present in the animals. Unstalued (fresh) preparations
were used in all of these experiments.

COLORS IN DIFFERENT PARTS.—I find the liver to be normally of a brownish-ved color in
both the American and Furopean Oyster, sometimes verging toward green, When the flesh or
gills of the animal is green, the liver almost invariably partakes of thia color, but in an intensi-
fied degree. The green stain or tincture appears in some eases to have affected the internal ends
of the cells which line the follicles or ultimate saccules of the liver, This color is able to sarvive
prolonged immersion in chromic aecid and aleohol, and does not allow carmine to replace it in
sections whiclt have been stained with an ammoniacal solution of that color, the effect of which
is to produce a2 result similar to double staining in green and red. The singnlar green cle-
ments scattered through the connective tissue remain cqually well defined, and do not take the
carmine dye. T at first believed these to be parasitic vegetable organisms, and 1 also sup-
posed I saw starch granules in them, which physical tests with an iodine solutiou failed to con-
firm. These large and small green granular bodies in the connective tissue, and those clese 10
the intestinal wall, as well as those in the heart I, find present in fewer numbers in white-fleshed
Oysters, but sirnply with this difference, that they are devoid of the green eolor, It is evident,
therefore, that they cannot be of the nature of parasites, thoagh the color is limited to them,
only the surrounding tissue, except in the region of the heart, appearing of the normal tiht.
This condition of the specimens observed by me dees not, however, disprove the possibility of
the oceurrence of vegetable parasites in the .()yster, where there is as mnch, ‘or perhaps more.
dikelibood of their oecurring than in some much more highly organized anitaals. _

It 18 & fact, however, that the Oyster is mngularly free from true parasites of all kmds the
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oyster-crab being perhaps the only ereature which is ever frequently found within its valves,
and then only as a harmless messmate. More recently it bas been my good fortune to be able to
study a second lot of Eurepean Oysters, in two varicties of whieh the greeu volor was nnusually
developed, especially in the lieart. In a apecimen of Falmounth Oyster 1 found a large eyst or
sac in the mantle near the edge filled with green cells, which, like those in the heart, wlen opened
readily separated from oue another, being quite as irdependent of each other as the ordinary
diseoidal corpuscles in the sernm of red bloed. The hearts of affected specimens were found to
bhave the wall of the ventricle abpormally thick, and covered inside witl the readily detachaile
green cells in a thick layer and measuring one three-thonsandth of an inel: in digmeter.  An appli-
cation of the test for starch with iodine gave » negative result. If iodine was first applied to
these cells in strong solution, and tbey were then treated with sulphmric acid, the characteristie
biue reaction was not developed, showing that there was no celiulose wall covering them, and
that they were most positively not parasitic, algous vegetable organisms. In potassic hydrate
solution they were completely dissolved, a further proof of the absence of cellntose.

Their dimensionus, ohe three-thousandth of an inel, is the sume as that of the Llood-cell of the
Oyster. They are nucleated, witl the nucleus in an cecentric position as in the Dlood-cell of the
apimal. Their occurrence in the heart and gills so as to tinge those organs of their own color is
aliost positive proof of their true origin and character. Furthermore, I find in sections that they
sometimes occlude the blood-chamnels. Tn the eysts in the mantle, as in the Leart, they are free,
and in the normal untiuged heart they are not abundant. All of the foregoing faets indieate that
these green bodies are in reality blood-cells which belong to the animal. How they beeome green
is not easy to deterinine. The fact remains that no evidence of the presence of green Mierococei
or Microbia, as independent existences, could be made ont. The fact that I found instances ju green
Oysters where an unosual greenisl waterial was found in the follicles of the liver, the living cells
of which were alse affected, would indicate that the eolor was probably absorbed from the food of
the animal, which, as we know, consists largely of living vegetable matter. It is not improbable
that the tinged nutritive jnices transnded through the walls of the alimentary eanal acquired the
color of the food which had lieen dissolved by the digestive juices.

How to account for the accumulation of the green cells in the heart and in cysts in the
mantle is not, however, an easy matter, unless one be permitted to sappose that the acquisition
of the green color by the blood-cells is in reality a more or less decidedly diseased condition, for
which we have no gronnd in faet, since the green Qysters are in apparently a5 good health as the
white ones. They were found ‘fat’ or ‘poor,’ just as it may have happenced that their food was
abundant or the reverse. They are also found in all stages of the ‘ greened”’ condition. Sometimes
they have only a very faint tinge of the gills, or they may be so deeply tinged as to appear
unpalatable, with the heart of a deep green, or with green eysts developed iu the mantle, or with
elonds of this color shading the latter organ in certain places. A vastly greater proportion of
green Oysters are eaten in this country, at all events, than is generally supposed, especiully of
those juat faintly tinged in the gills.

The most important glandular appendage of the alimentary tract of the Opyster is the liver,
It communicates by means of a number of wide dncts with a very irregularly formed cavity, which
We may designate as the stomach proper, in which the feod of the animal comes into eontact with
the digestive jnices poured out by the nitimate follicles of the liver, to undergo solution preparatory
to its sbeorption during its passage through the aingularly formed intestine.

If thin slices of the animal are examined under the micrescope we find the walls of the
stomach continuons with the walls of the great ducts of the liver. These great ducts divide and
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sabdivide until fhey break up into a great nunber of blind oveidal saes, inte whieh the biliary
secretion is poured from the cells of their walls. A thick stratum of these follicles surrounds the
atomach, except at its back or dorsal side. It is not correct to speak of the liver of the Oyster as
we speak of the liver of a higher animal. Its function in the Oyster is the same as that of three
different glands in us, viz, the gastrie follicles, the panereas, and the liver, to which we may add the
salivary, making a total of four in the higher animals which is represented by a single organ in
the Oyster. In fact, experiment has shown that the secretion of the liver of mollusks combines
cliaracters of at least two, if not three, of the glandular appendages of the intestine of vertebrated
animals. There are absolutely no briturating organs in the Ovster for the comminution of its
food ; it 8 simply macerated in the glandnlar secretion of the liver and swept along through the
intestine by the combined vibratory action of innumerable fine filaments with whieh the walls of
tie stomach, hepatic ducts, and intestine are clothed.

In this way the nutritive matters of the food are acted upon in two ways: first, & peculiar
organic ferment derived from the liver reduces them to a condition in which they may be absorbed ;
secondly, in order that the latter process may be favored it is propelled through an intestinal
eanal whicli is peeuliarly constructed so as to present as large an amount of absorbent snrface as
poagible. This is accomplished by a double induplication or fold which extends for the whole
length of the intestine, the cavity of which in consequence appears almost crescent shaped when
et straight across. On the concave aide the intestinal wall i thrown into UMErous very narrow
longitudinal folds, which further serve to inerease the absorbing surface. Such minor folds are
also noticed in the stomach, and some of these may even have a apecial glandular funetion. There
arce no muscular fibers in the wall of the inteatine a8 in vertebrates, and the sole motive force
which propels the indigestible as well as digestible portions of the food through the alimentary
«canhal is exerted Dy the innmamerable vibratory cilia with which its inner surface is clothed. The
intestinal wall is wholly made np of columnar cells whiclk are in direct contact externally with
the conneetive tissne whieh is traversed by numerocus large and small bloodvessels devoid of
apecialized walls.

This apparatus is admirably suited to render the microscopic life found iu the vicinity of the
animal available as a food supply. The vortices created by the innmuperable vibratory filaments
which eover the mantle, gills, and palps of the Oyster enables it tc draw its food toward itself,
and at the same time the microscopie host is hurled into the capacious throat of the animal to
undergo conversion inte its substanee as deseribed above, The mode in which the tissnes may
Dbecome tinged by the consumption of green spores, diatoms, or desmids it is easy to infer from
the foregoing description of the digestive apparatns of the animal; and the colorless blood.-cells,
moving in a thin, watery lquor sanguinés, would, judging from their awwbiform character, readily
absorb any tinge aequired by the latter from the intestiual juices. '

217. LOCAL VARIATIONS IN THE FORM AND HABITS OF THE OYSTER.

Mr, Darwin (“Variation of Animals and Plants,” vol. i, 2d ed., p, 270} writes: “With
respect to the common Oyster, Mr. F. Buckland informs me that he can generally distinguish the
shells from different distriets; young Oysters brdught from Wales and laid down in beds where
¢ matives’ are indigenous, in the short space of two months begin to ussume- the ‘native’ character.
M. Coata’ has recorded a much more remarkablée case of the same npature, namely, that young

* Bull de ia Soc. Imp. &' Acchimat., vil, p. 361. -
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shells taken from the shores of Evgland aud placed in the Mediterranean at ouce altered their
manner of growth and formed prominent diverging rays, like those on the shells of the proper
Mediterranean Qyster. The same individual shell, showing both forms of growth, was exhibited
before a society in Paris.”

VARIATIONS IN THE sHBLL.—The statement by Mr. Buckland in regard to the local forms of
Ostres edulis is undoubtedly true, as T know from personal observation ol specimens outained for
me from various parts of Europe through the efforts of Professor Baird. In some cases the local
differences between the shells from different places were 80 marked that had a person mixed certain
lots together indiscriminately without my knowledge 1 could afterwards certainly have sorted out
the more marked varieties. Local influenees also very largely determine the ¢ greening ¥ of Oysters,
as I can assert from personal observation of both the American and European species, Praetical
oystermen aflirm that they ¢an readily diseriminate the local varvieties of Oysters grown in varions
noted localities along the eastern coast of the United States. From what 1 have seen it is very
probable that this may be the case, a8 one may often observe well.marked differences of form as
well as color.

Local adaptation undounbtedly takes place, for how else are we to aceount for the fact that
& change in the specific gravity of the water to wlhich the adult has been acenstomed will kill the
milt? This point has an important practical bearing in relation to the effect of heavy ruins in
diluting the water when the animals are spawning. Might not a marked change in the specific
gravity of the water at the time of spawning kill all the spermatozoa which are set free, and thus
also prevent the impregnation of whatever mature ova were being thrown out at that time by
the adunlts ¢

INFLUENCE OF TEMPERATURE.—Certain it is that temperature has an inflaence upon the
time of spawning. A lot of Oysters marked “ Anglo-Portuguese,” which liad been transplanted
from Portuguese to English waters, and which I received in the montlh of March and others
in Jaunary last, hud the reproductive organs remarkably advanced in development as eompared
with specimens of 0, edulis from different parts of England, Wales, Scotland, Hoelland, and France.
Bo great was this difference that, although planted for some time in the eolder waters of Bugland,
the reproductive organs of the Portuguess form had not apparently had their dizpositiou to
become tunctionally active at this early season influenced to any great extent, In fact, I obtuined
living mature eggs and milt from a nmumber of apecimens of this vuriety, while T looked in vain
for ripe spawn in any of the others of the true O, edulis. This would indieate that the influence ot
‘temperature, though not altogether hereditary in this case, wasg persistent, and had =o inpressed
Jtself that the reproductive organs of these Oysters, coming from a warmer [atitude, had begun
10 minture their sexual produets even after tranaplanting into wore northerly and colder waters
much sooner than the natives of those same latitudes.

Like this persistent influence of a climute to which certain forms of Qysters have heen long
accustowed, the influence of the specific gravity of the water of a certain locality may also be
‘persistent. The Oysters of Saint Jerome’s Creek scem to be adapted to the specific gravity of
‘the water of the vicinity, so that if artiticial sea-water is prepared, differing mueh in this regard
‘from the native water, we find that the spermatozoa are immediately killed if patinto it. From
‘this it follows that if the specific gravity to which the aduits become accustomed is normal to
their sexual products, may it not be well to look into the effect of such changes npon the health
-of the adults

. I have met with spawning Oysters in December, such at Jeast in which the spawn was nearly
Aature, but this was an exceptional case. I find them in April and May in considerable abun-

x
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dance; the months of May, June, and July may, however, be regarded as their principul spawning
months. Hipe spawn may be sparingly obtained in the latter part of Augnst, and even up to
the first of October, but the three months mentioned are the periods durihg which the experi-
mentalist onght to be in the field prepared for work in this, the latitnde of Washington. What
amount of variation from this period may be made manifest as we go north or south along the
eastern coast of the United States I am unable to state; and what amount of Ioecal variation may
also be duoe to canses of a purely local character I am also nnable te say, not having examined
the Oysters at a sufficient number of localities to make sueh facts as I may possess of any
valne,

218. THE OYSTER-CRAB AS A MESSMATE AND PURVEYOR.

1t is many years since Mr, SBay named the little Oygter-crab Pinnotheres ostreum, and its habits
since that time seem to have execited but little interest. Frofessor Verrill, in his observations pub-
lisbed in the “Report of the United States Fish Commissioner for 1871-272,” records the fact that
it is the female which lives in the Oyster, and that the male, which is smaller and unlike the
female, especially in the form of the abdominal segments of the body, is rarely if ever seen to
occur ay a messmate of the Oyster, but that he has seen it swimming at the surface of the water
in the middle of Vineyard Sound. He also says that they occar wherever Oysters are found.
This singular little crab has quite a namber of allies which inhabit various living mollusks, holo-
thurians, etc., of which admirable accounts are given by Van Beneden in his work on ¢ Apimal
Parasites and Messmates,” and also by SBemper in his treatise entitled “ Animal Life.”

QUADRUPLE COMMENSALISM.,—The Oyster-erab is a trne messmate, and it i8 in the highest
degree probable that the preaence of these animals in the mantle cavity of the Oyster is to be
regarded as advauntageons rather than otherwise. The animal neually lives between the ventral
lobes of the mantle of its host, into which the four lobes of the gills and palps algo depend,
and, as will be seen from the following observations, may be the means of indirectly supplying
its passive protector with a portion of food. During a trip down the Chesapeake in July, 1880,
while T was with the Fish Commission vessel, some Oysters were dredged np by the crew which
contained some QOyster-crabs. In the case I am about to describe the included crab was a female
with the eurionsly expanded, bowllike abdomen folded forward under the thorax, partially
covering a buge mass of Lbrownish eggs, Upon examining these eggs, what was my astonish-
ment to find that they afforded attachment teo a great number of compound colunies of the
singular bell animaleule, Zoithamnivm arbuzewlum, Upon further examination it was found that
the legs and back of the animal also afforded points of attachment for similar colonies, anil
that here and there, where some of the individuails of a colony of Zobthamnium had been sepa-
rated from their stalks, numerons rod.like vibriones had affixed themseives by cne end. In this
way it happens that there is a quadruple commensalism established, since we have the vibriones
fixed and probably nourished from the stalks of the bell animalcule, while the latter is benefited
by the stream of water drawn in by the cilia of the Oyster, and the last feeds itself and its protegé,
the crab, from the same food-laden current. Possibly the crab inside the shell of its host catches
and awallows food which in its entire state could not be taken by the Oyster, but in any event
the small erambs which would fall from the mouth and claws of the crab would be carried to
the mouth of the Oyster, so that nothing would be wasted. :

‘We must consider the crab with its forest of bell animalcules in still another light. Since
the animalenles are well fed in their strange position, it is but hatural to sappose that they would
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propagate rapidly, and that the branches of the curiouns tree-like colonies would also increase in
numbers. The individuals of the eolonies multiply in about three ways: firsg, by branching;
secondly, by splitting lengthwise; thirdly, certain much enlarged and overfed zosids divide eross-
wise. By the two last modes one-half of the prodoet is often set free, the iree animaleules
s0 originated being kuown as ‘“‘swarmers.” These cast-off or free zobids which drop from the
colonies are no doubt carried along by the vortex ereated by the cilia of the gill and palps, amd
hurled into the mouth and swallowed as part of the daily allowanece of the food of the Oyster.
We mny therefore regard Pinnotheres, in such instances, a8 a veritalde nursery, upon the body and
legs of which animaleules are eontinnally propagated and set free as part of the food supply of
the Opyster, acting as Lost to the crab. I do net suppose, however, that snch a condition will
always be found to obtain, and it nmet also be remembered that myriads of Zoithamnium colonies
were dredged up attached to the fronds of the handsome Grinnelia, a red alga commonly found
in certain parts of Chesapealic Buy., Where this plant grows in abuirdance on the bottom 1 have
estimated that one might find upwards of a hundred unimalecules attached to a square inch of
frond surface, which would indicate an snimalealar population of upwards of four millions of
individuals to the squarc rod, a number as great as that of tle human fuhabitants of the city of
London.

DEVELOPMENT oF THE OYSTER-CRAB.—The Oyster-erah nndergoes a development and
metamorphosis similar to that of our edible erah, Callinectes, but the body in the Zoma stage
is blotched with dark, branched pigment cells. The eyes alzo are vastly more developed than
in the Adult, where they are partly soppressed from disuse. There is no dorsal spine, nor are
the antennary and rostral appendages so well developed as in the Zoma of Callinectes. After the
young are hatched they probably leave the abdominal covering of the parent, swim out of the
Oyater for a sesson, and, if female, seek a permanent abode in some Oyster near by, behaving
somewhat like the species described by Semper as inhabiting the water-lungs of certain holothu.
rians, Affer undergoing farther development, the young Pinnotheres reaches the megalops stage
of its development, when it is probable that the choice of ity home takes place. After it has
entered the mantle cavity of its host as a dinfuotive larva, and has grown to be adult, when
it measures a half inch or more in diameter, it is probably ever after a prisoner within the
shell of its melluscan protector. It undergoes a retrogressive metamorphosis as it grows adult,
its eyes become relatively less conmpieuous tham in yoath, apd it vever bas o thick, hard shell
like its allies which live in the open water, but the extiernal skeleton remains almost entirely sott
and chitinous, or in the state in which we commonly find the cuter covering of an udible ¢ral
which has just molted. This arises apparently from the conditions by which the animal is sur-
rounded; the protection afforded it by its host does away with the need of a thick, hard covering
such as we.find inclosing the bodies of its free-swimming allies. Unlike the latter, too, tle limbs
of the Oyster-crab are to some extent degenerate mnd weakened; its chelm or claws arc feeble,
and, when removed from its bome, seems s very sluggish, helpless sort of eresture, without a
particle of the pugnacity of its allies, and if placed on its back will sometimes remaiu iu that
. position helplessly beating the air with its weak limbs. This is a remarkable instance, which alse
serves very admirably to illustrate the principle of degeneration in organie evolution, so ably
dealt with by Prof. B. Ray Laukester.

- Fhe Oyater iteelf is also an example of the effect of disuse in producing retrograde develop-
ment, and evenr shows sigos of gradual adaptation when removed frem one toeality te another.
Vnlike most ether bivalves, the Oyster has no 80ft muacular foot which it may protrude ountward
fmm batvrean the edgea of its valves. No visible rudiment of sach a prominence can be found
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in the adult, though something of the sort, it is asserted by embryologists, uppears to be devel-
oped 11 the larvee, As the Oyster lost its power of locomotion frem the voa-development of
the foot, due doabtless to a gradaally acquired sedceutary babit which has Lecome permanent,
the pedal struetures have been almost entirely aborted, Jeaving noething excepting the poorly
developed podal muscles desceribed by Idall,. There is accordingly little or no evidence of the
existence of a pedal or foot ganglion in the Oyster, Decause there is no need for one, as in other
forns; it, too, has disappeared with the structure whicl required its presence.

Returning to the consideration of the Oyster-¢rab, it is well known that it is much relished
Ly many persons. The aniimal wmay be eated slive, aud has g peeuliar, agreeable sweetish taste.
Recently an enferprising New York party has taken to canning them, the supplies for this purpose
beiug obtained froin some of the large oyster-canning establishwents. The ecoromic value of the
animal as food, although not great, is sufficiently important to demand a passing notice.

219. PHYSICAL AND VITAL AGENCIES DESTRUCTIVE T0 OYSTERS.

Most of the observations which follow were made at Saint Jerome’s Creek, Maryland, but
inasmuch as the physical and vital enemies of Oysters appear to be similar the world over, I have
no hesitation in reproducing what [ have previously published elsewhere. And of physically
injurious agents the black ooze or mud found in the vicinify or on the bottom of many of our
most valuable beds and planting grounds is probably the most to be dreaded if it accumulates
in too great gqnantity,

The origin of the black ooze at the bottom ecan be traced direetly to the sediment held in
suspension in the water which slowly obbs and flows in and out of the inclosure, carryving with it
in its going and eowing a great deal of light organie and inorganic débris, the former part of which
in mainly derivest from the comminated fragments of plants growing in the ereek, This seemed to
be the true history indicated by what was noticed instndying the box-collector. The same opiviou
is heid as to the origin of this mud by Doth Coste and Fraiche in their works on oyvster-culture.

There is probably no worse enemy of the oyster-cnlturist than this very mmd or sediment,
It acenmnlates on the bottom of the oyster-gronnds, where in course of time it way become deep
enotigh to cause serions trouble. Ispecially 1y this true of ponds fromw which the sea ebbs, and to
wlich it flows throngh a narrow channel. The tatling leaves from nheighboring trees in antumn
also contribnte to this pollution, as well as heavyrains which wash deleterions materials into it.

Adnlt Oysters which are immersed in part in this mdd struggle bard to shut it ont from
their shells. It ooe will notice the inside of the shella of Qysters which have grown in a muddy
bottom, it will often be seen that there are blister-like cavities around the edges of the valves
filled with mud, or a black material of a similar character. There is not the slightest doubt
in my mind that in these cases the animal, in order t0 keep out the imtruding mud, bas had
recourse to the only available means at its command. A great many of the Oysters in the pond
are affected in this manner, but it is extremely nncommon to find shells of this kind in opening
Qysters coming from a hard bottom. It i3 ea-sy'ta understand that sach efforts at keeping out
the muad from the shell will not only waste the life forees of the awimal, but also tend to greatly
interfere with its growth. The importance, therefore, of artificial preparation is appa,rent, where
it is desirable to establish ponds for the succensful enlture of this mollusk. )

Oniy in one case have I observed that the mud tended to ippair the flavor a:nd eolor of
the Oystor. In this instance the animal was thoroughly saturated with the black 0076, the very
tissuey sesming to be imnreg-nated with the color, the stomach aud intestine loade_d to engorge-
ment with the mud, the animal manifesting every sign of being in & decidedly sickened condition.
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The cause of this was probably that the shell with its tenant had sunken too deeply into the
mud wlen the ingestion of the black ooze commenced, giving rise to the remarkable changes
whiclk I have recorded. No donbt had this condition ef things persisted for loug the animal
would have been smothered by the mad.

MUD AND THE YOUKG FEY.—The accumalation of the slightest guantity of sediment around
a young Oyster would tend to impede its respiration, und in that way destroy it, yvet in the natural
beds there ave so fow naturally clean places which remaiu so that it is really surprising that so
many young OQysters pass sately through the critical periods of their lives withoat snceumbing to
the smotheriug effects of mud and sediment, When it is borne in mind that at the time the infunt
Oyster settles down and fixes itself ovee and for all time to one place, frow which it has no power
to move iteelf, it measares at the utmost one-eightieth of an inch, it will not be lard to under-
stand how easily the little creature can be smothered even by a very small pinch of dirt. The
aniwal, small as it is, must already begin to Dreathe juss in the same way as its palents did before
it. Like them its gills soon grow as little filawents covered with cilia, which cause a tiny current
of water to pass in and out of the shell, The reader’s imagination may be here allowed io esti-
mate the fecble strength of that little current, which is of such vital importance to the tiny Ovster,
‘amd the ease with which it wmay be stopped by a very slight accumulation of dirt. Mobius esti-
mates that each Oyster wlhich is boru bas tiggy of 8 chance to survive and reach adolt age. So
numerous and effective are the adverse conditions which surronnd the millions of egres matured by
a single female that only the most trifling fraction ever develop, as illastrated by the above caleu-
latior. The egg of the Oyster, being exceedingly small aud heavier than water, immediztely falls
to the bottom on being set free by the parent. Should the bottom be oozy or composed of
sediment its chances of development are meager indeed.  Irrecoverably Luried, the eggs do uot
in all probability have the chance to begin to develop at all.  The chances of ilpregnation are
also reduced, because the male and female Oysters empty their generative products directly into
the sarrounding water, whereby the likeliknod of the eggs meeting with the male cells becomes
diminished. What with fulling into the mud avd what with a lessened chance of becoming
impregnated, it is tot unlikely that Miébius' estimate is very nearly correct; bat the American
Oyster, whose yield of eggs is mueh greater, not ouly on acconnt of its larger e, but also
because the eges are smaller than those of the Furropean, has probably still fewer chances of
survival. The vigorous growth of small organismy on surfaces fitted for the attuchnvent of young
Oysters also tends to cause sediment to gather in such places in the interstices of the little
organie forest, where the eggs of the Oyster no doubt often become cntombed or smothered by the
crowded growth surrounding them,

“ In addition to the active, animate enemies of the Ovyster, the beds saffer seriously, at certain
times, from the elements. . . . Great storms will sweep the Oysters ali off the beds, bury
them under shifting saud or mud, or heap wpon them the drifting wrack torn from the shores.
Beds which lie at thé moutha of rivers are liable to be injured by floods also, which keep the
water 'wholiy fresh, or bring down enormous quantities of silt and Hoatiug matter, which settles
©on the beds and smothers the Oysters.

“A few years ago a large tract of peat was draived at Grangemouth, Beotlund, The loose
mwud and moss was carried down the drains apon an oyster-bed in the estuary ; the consequence
wag that the Oysters were covered over with mud and eutirely destroyved. Nothing is so futal to
‘Oysters aa a mud storm, excepf it be a sand storm. The mud and the sand accnmulate in the

Oyster’s delicate breathing organs and suffocate him.
“North of Long Island an evemy isn found which does not exist in the milder south, in the
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shape of ¢ ground-ice’ or ¢anchor-frost’ It is lit{le understood, though often experienced. and 1
was able to collect only vague data in regard to it. It appears that in hard winters the bottom of
the bays freezes solid in great patches, even at a depth of fifteen or twenty feet.  The mud freezes
g0 Tiard that rakes canoot be pressed inte it; and if a stronger implement. like a ship's anchor, is
able to penetrate it. the crust comes wp in great chunks. These frozen patches are sometimes
forty teet square and continne anthawed for long periods.  When such ‘anchor frast’ takes place
at an Oyster-bed, of course the mollosks are frozen solidly info the mass, and few of thein wever
survive the treatinent. To the Cape Cod planters this is a serious obstacle to sitegess.™!

INPERFERENCE OF OPHRER ANIMAT, LIFIL—Weu have ealled attention to the prebabie inter-
ference of small organie growths to the fixation of the young fry; in practice it is tonnd that the
larger organic growths which establish themselves on the collectors also hecome iu‘inrinhs. The
two most conspicnous types are the sessile aseidians or tnnicates and the barnacles, [ have
frequently found fully one-half of the surface of a slate covered with a dense colony of ascidians;
in this condition a great percentage of available surface is lost which ought to serve for the
attachment of spat. The surfaces so occupied would also be comparatively clean were it not for
these organisms, which actoally beeome a sertong annoyaice. They, like the Ovster, aflix
themselves to the slates while still in the free swimming larval stage, since the surfaces designed
for the Oyster #re equally well adapted to them. The barnactes, which also affix themselves in
great numbers, become a nuisance for the same reason. Tlhe larval barnacle is an extremnely
active: little creature, and asher abont in the water with great rapidity. As soen as it has
complated this stage of its growth it betakes iteelf to some objeet, to the surface of which it
attaches itself Ly the head end, when a singular change takes place, at the end of which it is
found that it has begun the construction of the curious conical shell which it inhabits. They
grow very rapidly, so that in a eouple of months the ghell will already measure over halt au inch
in diameter. In this way further inroads are made npon the room which shonld be taken up by
Oysters.

Of course the larger types are not alone in taking up space, since infuserians, bryozoans,
polyps, etc., are also culpable, as well as algm, such as diatoms and the higher torms. 'The oy
remedy for this scepmulation of animal growths on the sorfaces of the slates am) other collepting
apparatus will be to have the frames which hold the slate in position so arranged that each tile,
shingte, or slate can be removed, in order that it may be readily overhaaled and these organisms
removed from the surfaces which it is desired shaH remain clean. This work would have to he
done at intervals of every two or three weeks, and should be conducted with great care, so a8 not
to remove the Oysters which have affixed themeelves along with the other things which it is the
intention to destroy. The remcval of the smaller forms from the surfaces of the slate would be
more difficuit, and attended with danger to the fry already attached. With this phjeet in view,
I would suggest the use of wooden racks or frames lying horizentally, which would reeeive the
glates into deep notches made with a saw, so as te hold them verticaily or edgewise, rendertig
their removal, for the purposes of cleansing, and their replacement an’ easy matter. Other
devices would no doubt answer the same purpose snd be more couvenient even than the lant.
if posts were securely fized in the bottem eight or ten feet apart, so as to project u foot or 60
above the water at the highest tide, & single board six inehes wide, nailed agninst the tops. of the
posts edgewise, and extending from one to the other, would proviide u_simple-arrang&‘menb from
which to hang the slates sibgly by weans of galvanized wire fusteped or hooked to nails partly
driven into the board. By the help of this pian one man With » boat eoudd everbanl many
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bundreds of slates in a single day, and effectually care for them for a whole season. This last
contrivance would not answer well perhaps where there was a sawift eurrent, but would be a most
admirable arrangement in still pouds or ‘claires” In such places the whole area might be
provided with posts grouped or placed ju rows, so that when the attendant was at work he conld
pass in order from one row to the other in & narrow boat, or two attendants in one boat could take
care of twn rows, the ones ou either hand, at the same time,

Star-fishes are notorious for the havoe they are capable of making among Oysters. They
have the power apparently of everting their ssccular stomachs and extraeting the soft parts of
their prey from the shell. Whele beds bave been seriously injured by the inroads of those
creatures. They do not seem 1o be dreaded mueh in the Chesapeake Bay, however, and appear
to annoy the oyster-planters of New England mest seriously,

¢ The oyster-catcher, and some other birds, steal not a few at low tide. Barnacles, annelids,
and masses of hydroid growth sometimes form about the shelis and intercept the nutriment of the
poor mollusk, until he is nearly or quite starved; this is particnlarly true in Southern waters. At
Staten Island the planters are always apprehensive of trouble from the colonization of mussels on
their oyster-beds. The mussels, having established themselves, grow rapidly, knit the Oysters
together by their tongh threads, making culling very diffienlt, and take muech of the food which
cotherwise would help fatiten the more valuable shell-fish. In the Delaware Bay the spawn of
squids, in the shape of clusters of egg-cases, appropriately ealled ‘sea-grapes,’ often grows on the
Oysters 8o thickly, during the inaction of summer, that when the fall winds come, or the beds are
disturbed by a dredge, great quantities of Qystfers rige to the surface, buoyed up by the light
parasitic ‘grapes,’ and are floated away. This is a very curious danger. Lastly, certain crabs
are to be feared-—chiefiy the Callinectes hastatus, our common *soft crab,’ and the Cancer irroratus.
Probably the latter is the more hurtful of the two. I have heard more complaint on this score at
the western end of the Great South Bay, Long lIsland, than anywhere ¢lse. Mr. Edward Udall
told me that the crab was the greatest of all enemies to Oysters on the OQak Island beds. They cat
the small Oysters up to the size of a quarter-dollar, chewing them all to bite. These are on the
the artificial beds, for they do not seem to trouble the mataral growth. But tolled by broken
Oysters, when the planter is working, they come in crowds to that point. Mr. Udall stated that
onee he put down five hundred bushels of seed brought from Brookhaven, and that it was utterly
destroyed by these crabs within a week and while he was still planting. He could see the crabs,
and they nummbered one to every fifty Oysters. It is well known that in Europe the crabs are
vory destructive to planted beds, and it is quite possible that many mysterious losses may be
charged to these rapacious and imsidicus robbers. By the way, Aldrovandus and other of the
naturalists of the Middle Ages entertained a singular notion relative to the crab and the Oystber.
They atate that the crab, in order to obtain the animal of the Ovster, withont danger to their
own cluws, watch their opportunity whev the shell is open to advance without noise and cast a
pebble between their shells, to prevent their closing, and then extract the animal in safety.
‘What craft!’ exclaims the eredulons author, ‘in anitals that are destitnte of reason and
voice. 71

In a specimen of the common Ostrea rirginica, recently handed me for examinstion by my
friend, Mr. John Ford, the substance of the shell was thoronglhly cavernated so as to render it
extremely brittle and readily erushed; in faet, the inner table of the shell left-standing showed a
great number of elevations within, which indicated peints where the intruding parasite had been
kept out by the Oyster, which had deposwed naw layers of calcareous matter at these places so
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at 1he insertion of the adductor mnscles that the afimal in closing had torn a part of it loose,
which had been repaired by thedeposition of hrowm liorny substance. Evidence of the presence
of the boring sponge wmay very frequently be noticed in shells of Oysters brought to the markets,
though it often appears as it the parasite had left its work incomplete, being killed on its host.
I find thut Schmidt has also noted this, and that the boring operations of the sponge usually seem

as to give rige to the elevations apoken of. Beside:‘his, the inner table had begome so wenkened

to stop in the case of living mollusks at the nacrecus layer.

Upen examining some Scotech Oysters, obtained for me for atudy by Professor Baird, T was
struclk with the fact that every one was infested with this organism. The effect of the parasitism
was that all of the specimens had abnormally thick rhells, due evidentiy 1o the effort made by
the Oyster to deposit wore and more caleareous matter iu order to exclude its persistent tormentor.
Internally the shell showed irregnlarities due to the intrusion of the sponge. It is highly probable
that in this case the growth of the Oysters had been impeded by the parasite, in consequence of
the etfort made by the animais to exclisde their enemy by increasing the thickness of their shells.
This sawme tendeney to increase the thickness of the valves I have noticed in speciimens of our
native Qyster, the shels of which were infested with this parasite. It is very remarkable that ths
Oyster should make an effort to exclude its enemy by sach a means; and it is vot less remarkable
to observe that the lime carbonate secreting fnnction of the mautle is often stimulated to extra
exertion long Lefore the parasite has actually intraded ioto the cavity of the shell.

Dr. Leidy gives a lueid account of the living sponge as found in Ostrea virginiana and Venus
mercenaria. He says: “This boring sponge forms an extensive system of galleriex between the
outer and inner layers of the shells, protrudes throngh the perforations of the latter tubnlar
processes, from one to two lines long and one-half to three-fonrihs of a4 line wide, The tubes are
of two kinds, the most numerous being cylindrical and expanded at the orifice in a eornlla form,
with their margin thin, translucent, entire, veined with more opaque lines, and with the throat
bristling with siliceous spiculie. The second kind of tubes are comparatively few, abont as one is
to thirty of the other, and are shorter, wider, not expanded at the orifice, and the throat unob-
structed with spicnl®. Some of the second variety of tubes are constituted of a eondlnent pair,
the throat of which biforeates at bottom. DBoth kinds of the tubes are very slightly contractile,
and under irritation may gradually assume the appearance of superficial, wart like eminences
within the perforations of the shell occupied by the spenge. Water obiains aecess to the interior
of the latter through the more numerous tubes, and is expelled in quite active currents from the
wider tubes,”

The boring process seems to be effected by the action of theliving soft material of the aponge,
according {0 observations which have recently been made by a Russian naturalist, according to
whom it appears that the calcareous matter is dissolved away by the parasite. 1 am told by a
practical oysterman that a bed once planted with Oysters which are badly infested by the horing
sponge is apt to remain so for some time, and that the beds adjoining become infested, for the
reason that the embryo sponges, which are thrown off in large numbers from the infested ¢ plants,”
swim about in the water, attach themselves to other Oysters, to begin -their injurious growth and
excavations in sound shells.

220. NATURAL AND ARTIFICIAL OYSTER-BANKS,

CHARAOTERISTIOR OF NATURAL OYBTER-BANES.—I have examined a number of oyster-
banks, which were readily accessible in shallow water, with gratifying results as to the habits
of the animal under virtually undistarbed conditions, These banks, like those formed by the
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European Oyster, always appear to be much longer thau wide, but many of them are almost
entirely exposed to the air durieg low tide, a rare oveurrenes, acoording to Mébius, with the
banks on the Schleswig-Holstein coust of the North Sea. I learned from the owners of
some of these banks that, althoush a considerable proportion of the Oysters on them were
at times frozen to death during the severe winters, the feecundity of those whicl remained was
such, combined with the naturally fuvorable conditions found on the banks for the growth
of old and young, as to restore the beds te their wonted productiveness i one or two scasouns.
YWhether this description of the fecundity of the beds found in shallow water is overdrawn
or not matters little, since there was the plainest evidence that we had lere before our eyes
the best natural conditions for the propagation and feeding of the individauls. The heds are,
in a word, natural spat-collecting grounds; plazes where such couditions obtain as will allow &
large proportion of the swarming brood of the spawning season {o affix itself securely and survive
in positions where an abunianece of food may be got. The tide ebbiug and Aowing over the beds
net only carries with it in suspension the mieroscopie food best adapted for the nonrishment of the
Oysters, but also tends, owing to the peculiar arrangement of the shells on the banks, to keep the
surface of the latter clean, 80 as to be well adapteq as favorable points of attachment for the young.

In all of the natoral Danks which T have had the pleasure of exumining in the Chesapeake,
the individual Oysters assume au approximately vertical position. The assumption of this position
seems perfectly natural; with the hinge end downwards and the free edges of the valves directed
upward the animals are in an excellent positiou to feed, while the outside vertical surfaces of the
valves are well adapted to afford blaces of attachment for the spat. The Iatter, however, appears
to attach itself in the greatest abundance to the old Oysters at the surface of the bank. Tle result
is that when one removes the Oysters from the bed they are found fo adhere together in clusters,
generation after generation being piled one on top of the other in succession. As many as four
generations may be made out in most cases; the oldest being buried in the mud aud sand below
and is often found to be smothered by these wlich have followed. Fiven below the last stratom
of living Oysters, if one keeps digging, it is discovered that the shells of numerons still more
remote sncestors of the living ones now oceupying the bed are disposed vertically in the sand and
earth heneath. Attached to the upper edges of these dead shells follows, we will say, the first
living generation and so on to the fourth, composed mainly of young individuals or spat only a
few days or months old. Whether it is proper to regard the superimposed series of individuals as
generations may be questioned, but as no more expressive word occeurs to me, I wish to be under-
8100d ae using it here with qualifications,

Positions oF THE sPAT.—The spat does not fix itself in any constant position; the young
lnay have the hinge of the shell directed downward, upward, or to the right or left hand,
Singnlarly enough the shells do not grow in the directions which the free edges of the valves
are made to assume in the young. Should the young happen to be fixed hinge downward
the free edges of the valves grow in length directly upward; in case the hinge is directed
either to the right or to the left, the layers of calcic carbonate will be deposited in
suck & way upon one side as to cause the free edges of the valves to Le eventually
directed upwards, causing the umbonal portion of the valves to desvribe an arc of 900,
In case the hinge is at first directed upward, the layers of carbonate of lime will be deposited
in such a way by the mauntle as to;bring the mounth of the shell upward. The attempt to get
into a vertieal position will, however, not always be successful in cases like the last; the arc of
1809, which it is necessary for the animal to traverse from its starting point in order to build
Hs shell with the free edges opening upward, seem to be a feat a little too difficult of accom-
Plishment, in spite of the wonderfal persistence of etfort manifested by the inhabitant.
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The habit of growing in the erect position, where the bauks are profific and undistarbed,
causes (he individuals to be vory mueh crowded togutlter, so that they do mwot have a chanee to
expand and grow into their wormal shape. From this ecause, overcrowding, the shells of the
individnal Oysters become very narrow and greatly elongated; the pecaliar forms which result
are known to oystermen as “Raccoon Qvsters,” or “Cat’s-tongues,” the latter name being probably
derived from a snggestive resemblance to the tongue of a cat.  Fossil Oysters appear to have had
the same Labif, In some banks their crowded condition may be inferred from the fact that T
counted a8 many as forty Oysters in an area inelnded by a qnadrangle of wire including exactly
one square foot; thirty individuals to the sqnare foot was a fair average on one bank
examined.

All of the observant writers upon the Ovster agree that it is essential that the bottom upon
which oyster-banks are to be permanent should not be liable to shift or be covered by mud or
sediment. The experience of the writer strongly enforces such a conclusion. The permanent
banks, owing to the great number of dead shells scattered through the bottom soil upon which
they have been establisked, acquire a peculiar solidity or fixedness which tlte currents of tide water
cannot sensibly affect. When these banks are once covered by the clusters of Oysters more or
less securely held together by the lower portions becoming imbedded in the soil below, and
mutnally wedged and fitted together by the any msurfaces of contignous clusters which have
become neatly adapted 1o each other by pressure, it i8 a very hard matter for the tides to smother
the bank unless sufficient soil in suspeusion is carried by the waters to completely cover the
animals.

ESTABLISHMENT OF ARTIFICIAL BEDS.—The inferences to be drawn from the foregoing
observations are very important. They naturally lead to the inguiry whether artifieial Oyater-
beds eannot at least be established in shallow water, where the Qifficulties in altering the
character of the botfom =0 as to adapt it to the wants of the Oyster are not nractically
insurmountable. I believe that the establishment of artificial beds, which would in time become
similar in every respeet to the nataral ones, is possible in a moderately rapid tideway. The
Jocalities, I apprehend, are abundant along the shores of the Chesapeake, and I certainly
know of foew places where the existing natural cenditiens for sach a praojeet are any better
than those found in Baint Jerome’s Creek. The bottom wounld, of course, have to undergo such
breparation as wounld insure to it solidity, and it might be well to imitate the flat, ridge-like
character of the natural banks in constracting artificial ones. The long axis of the beds shoulil
probably lie transv ersely to the direction in which the tide ebbs and flows in and ont of the
creeks, as appears to be the case with many banks examined. The next thing to do would he
te colonize these artificial banks with Oysters stuck thickly into the hottom, hinge downward,
imitating the position of tle animals in the natural banks. The cost of such an experimental
bank would be comparatively insignificant.

Bince the publieation of the substaoce of the foregoing snggestion I have seen the idea
practically realized in the Cherrystone River, Virginia, A heap of Oyster-shells had been
scatiered so as to form a low, solid stevation, whickh was submerged twice a day by the tide.
Upon this spat had canght and grown until the whole in two years was as completely and
solidly covered by living natural-growth Oysters as any good natural bank. The destrability
of using the poorly grown stock from natural and artiffcial banks as “seed” for planting
appears regsonable, and could no doubt be made profitable where bauks of 8 snﬂcient exteut
conld be established, from which a supply of seed coald be obt&(ued '
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I lLave been informed by an old oysterman that pine bushes stuck securely into the ses
bottom so as to he submerged in shallow areas have been found very effectual as collectors.
In fact, he told me that in one case which liad fallen under his observation an oyster-planter
wlo followed this plan had the satisfaction of seeing lis submerged bushes load with apat,
much of which afterwards grew to marketable size. Afterwards a productive ridge or bauk
wan the resalt where the brush palisade had originally acted as a collector. Thick palisades
of Drnsh might Dbe stuek into the bottom near ﬁermanent oyster-banks with good resnlts.
Doubtless it would be possible to establish banks by this method if, in addition, oyster-shells
or stopes were strewn ou the bottomr along either side of the brush palisade, in order to afford
a foundation for the fixation of the first generations of oysters,

SPAT-COLLEOTORS —Lieutenant Winslow, in 1879, nsed lurdles or nests of half-round tiles,
eight to sixteen in number; the resnlts from one placed in the Big Aunemessex were very flatter-
ing, After it had been immersed twenty-four days 1,508 Ovysters had attached themselves.  After
forty-five days hnd elapsed 1,334 still remajned, and after ninety-three days were past the nnmber
gtill adberent was 539, T Lave had no sneh success, bat iif other parts of the bay, as at Tangier
Sound for instance, spat falls in great abnndance. I have seen the inner face of one valve of a dead
Oyster farnish attachment for over forty spat from one-eighth to three cighths of an iuch in
diameter. Spouges, pieces of wreck, old shoes, pebbles, iron ore, leather, the external surface of
the shell of Modielaria, branches of trees and logs which have fallen into the water act as collectors.
Oysters are sometimes found inside of bottles whicl have DLeen threwn upon the bottom, the fry
having wandered through the neck and attached itself to the inmer surface, growing to the size of
two jpches in diameter aud over. The spat is shaped much like the scallop or Pecten, a form which
it often retains until it weasures more than two inebes in diameter. The primary requisite in
collectors is that they shall present clean surfaces while the spawning season 18 13 Progress.
Small inequalities are probably an a,dttamta,,r}'eT as the very voungest spat is often fonnd in chinks
and angles on the shells of the adults, No other orgauisms should e allowed to grow and cover
up or smother the oyster spat. Barnaeles, infusoria, moss animals, polyps, and mauny other
organisms are liable to accumnlate on the surface of the collectors to the detrimené of the youug
Oysters which have established themselves. Many of these animals, polyps especially, eat the
young fry in the free-swimming stage, as sbown by Dr., Horst.

The use of the methods employed abroad for collecting spat has not been tested in the United
States npon a scale large enough to enable us to arrive as yet at any very important conclusions,
Roofing slate coated with mortar promises good results; the valves of oyster-shells strung upon
wire, pine cones, and brush have been used, but in unfavorable places, 50 as to vitiate to some
extent the results which were expected. A coating of cement will not answer; it gets too hard,
50 that the spat when it is to be removed from the collectors cannot be loosened without injuring
its delicate, thin valves. The coating of lime and sand shonld be thick enough so ag to make a
layer of at least an eighth of an inch over the surface of the collector. It should also be allowed
to thoroughly “set,” as a stone mason would say, after it has been applied so as not to wash off
readily. A strong mortar should be mixzed for the coating, composed of sharp sand and good
Jime, in the proporticns of about equal parts, and thin enoogh to dip the slates or tiles into the
mixture bodily. If the first coat is not found to be thick enough s second and third may be
applied. The tiles or slates after coating should be allowed to dry for two or three days so a8 to
allow the coating o ‘‘set” firmly.

8 7
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Varions ways of snpporting the tiles and slates have been devised, cheap formas of which are
desecribed in the treatises of Coste and Fraiche. The primary requisite in putting down collectors
is that they shall be so placed as not to be covered by mnd, especially where the bottom is overlaid
with ooze. 1u such cases they wnst be supported so as to prevent their falling into the mud, the
effect of which would be to make them useless. In praetice, I suspect, that it wonld be well to
look after the collectors occasionaily and to brush off tbe mud, becanse in some places I have
noticed that thick deposits of sediment soon collect npon the upper surfaces. This accounts for
the fact that several observers have noticed that the spat is disposed to attach itself and sarvive
on the lower surface of the collectors,

I am informed by Mr, C. P, Hull that the practice of strewing oyster-shells as spat-collectors
on hard sea-bottom two or three fathoms deep is becoming quite common on the Connecticut
shores of Long Island Sound. Here, the practice is to scatter two hundred and fifty to three
hundred bushels of shells over an acre of bottom. The method there has alse been o snecessful
and profitable as a meauns of increasing the area of the oyster fishery that the price of the dead
ghells has increased and is Iikely to continue to do so, since the demand is greater than the suppiy.
Mr. Hull, himself a practical oyster-culturist, proposes to introduce this system into praclice on
his projected plantatioug on the Chesapeake, where a beginning has already been made by this
method under the direction of Captain Hine, at Cherrystone, the supernntiendent of the firm of
Multhy & Co., of Norfolk, now largely interested as planters in the Cherrystone River. This
method is the same as that extensively practiced in Europe.

How AN OYBTER TAKES ON FLESH.—Among oystermen the business of fattening or feeding
the Oyster is one of the most important, from the fact that wpon the conditioy of the market.
able product largely depends its value. Tatness, so ealled, in the Oyster is 2 condition wholly
different in nature from the state known under that name in stall-fed domestic animals. The
turgidity of the reproductive organs is not usually indicative of fatness, as it appears some authors
have supposed, Mibius being the only one who has apprehended ite true natare. The word ¢ fat,”
ag applied to indicate the condition of the Oyster when in flesh, is a misnomer, since it is not fat
at all which is the immediate eause of the condition of plumpness which betokens s fitness for
market, but a very extensive deposit of protoplasmic matter which has been assimilated and Jaid
dowu mainly in the substance of the mantlé. It is this relatively large amount of delicate, easily-
digested protoplasm, stored up in the palps and mantle, which renders the Oyster so wholesome
and natritions.

The deposition of this protoplasmic material in the mantle, palps, and body stands in intimate
relation to the activity of the reproductive organs. During the spawning season Oysters are said
to be “ poor,” that is Lo say poeor in condition, for at this time the mantle, especially where it lics
next the body on each gide, Is very thin and quite transparent; the radiating pallial muscles along
the border of the mantle, as well as i(s vessels and nerves, may now be readily studied under the
microscope, owing to its transparency and the absence of opaque gramular protoplasm. If we
examine the reproductive organs at this time, as a rule, we will find them greatly developed and
pouring out their produets through two large ducts, the combined caliber of which is pot far ghort
of that of the intestine. It will be evident to any thinking mind that if the major part of the food
material elaborated by the digestive and nutritive systems goes to the ovaries or téstes to be
transformed into sex products, which are continually thrown off during the breeding season, little
of sach material can be stored np in the tissues of the body. We have described exactly what'
happens. In the month of September, when the Oysters in this latitode are for the most part
done spawning, the drain of elaborated material having censed to flow from the openings of the
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reproductive organs, it is diverted in another direction, but ia refained in the system and has to bo
deposited somewhers in the body, The most axtensive deposits of this elaborated living matter
eecar in the mautle, body, and palps, the color of which rapidly chauges from the watery, trans
parent condition prevalent during the spawning season Lo a creamy whkite, The whole animal also
acqnires u selldity which it 1) pot poasess before; it loses itg watery, inpoverisbed appearanie,
together with its disposition to shrigk to a fraction of its erigiual balk from av exteustve toss of
finids wheuw opened, The mantle and paips bhecome opangue and thicker than before, and thedr
substance is sofier and wmore easily lacerated, The change here deseribed nndonbtedly affects the
connective tissue principslly, as alsewhars stated. The material of the latter has the milky
appearance of {the reproductive organ when mndilated, and way readily be mistaken for the lutter
by the inexperienced. Yt appears that the gonerative and nutritive functions are opposed to each
ather in the Qgster as in other animals; sl of which indicates, too, the simount of energy which
musf be expended dorving the breeding season ig the production of geyma. Whatever surpins
aatriment is stored up in the winter appents 1o be lunpediately devoted to the formation of germs
upon the arrival of the warm mounths, when foud is alst probably mest plentiful and when the
exiernal conditions are right for the development of the embryos, The effort which the Ogster
makes, at the expense of so mach material, to reproduce ity kind ought to bo respected.  Iu the
protection of the Oyster during the close season we are simply following the dictates of experience
and coramon sense.

The account which we have given above of the physiology and interdependeuce of the
favtening and reproductive provesses of the Oysger, it sgeems to me, affords an opporinnity te
point ent how little philosophy there is in the doetrine that Oysters may beo fattened by putting
them for o day or two in water less salt than that from which they were tiraf taken, in order that
they may be waterswollen by the action of osmose, 5o as in give to them a pluinp appearanee.
It i gurgrising how little dependence is to be placed upon the statements of oystermen and
fishertren in regard to the habits of the objects with which they wre snpposed to be mosd fawiliar,
And this statemant, like many otbers of a similar kind, has uo hasizs of fact and experimeniai
evidence to rest upon. { may som up the utter whsurdity of the widespread belief {u the puasi-
hility of fnﬁening Oysters by removing them from salf fo loss salt wuter for & few days, by
saring that it amounts to the same thiag as to agsert that water is a fasty or oleagineus substanec!

The results of my most recent investigations npon the wiauts nnatomy of Ostrea virginica may
be Btly deseribed in this place, singe they have an important bearing upon the process of fattening.
The subjeat of this investization was ane of the most wpoverished looking Oysters which it has
ever heen my fortune to find. It was collected on the 20th of July this presest year (1882) and
placed in & chromic acid solntion of ons per cent. for forty-eight Bours, when it was washed amd
ﬁna'tijr transterrad to atcobol, to be cut iata sections when convenient. This I have recently done.
When the specimen in guestion was fresb it was characterized by the almoast perfect transpar-
eney of the mantle, snd, as it afterwards turped oul, the tetal atropby of the generative orgawn.
Before the hardening process had been undergone, the mantle was greatly distended by watery
finid, so mueh 8o that, after hardening, it had shrunken (o sboat one tenth of its bulk while n
the fresh and Yiving state. The hardened specimen was cat into thin sections after imbedding i
parafiine, by weans of a modification of the Tay or freegipg woicrotome; the sections for thivpess
tefy nothing to be damred 208 revealsd a» spondition of things different frowm auy previousty
Obsarmd Ly the wnter in gectiong of sither native er foreigo. Oysters, A eareful microscopie
scmt.my showed that nowhers in the sestion wag theve a trace of even & radimeny &f the geners-
tive network ﬂewnbed a8 the atrophied cendirion fu & previous portion of this paper, Not even
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a traee of the conneetive tigsue in which thé rodiments of the latter are usually imbedded
remained, bat the hepatie follicles or nltimate saccules of the liver were lying in immediate
eontact with the mantle, with no tissue whatever intervening. I bave hitherto foumd the liver
garronnded by a thick stratnm of eonnective tissue in all of the speciens examived. The state-
ments in a previons portion of this essay in regard to the existonce of vessels which traverse this
connective tissue mass will therefore have to be modified so far ag to zay that not only does the
connective tissne of the body mass ecompletely disappear, but also the vessels themselves whick
are excavated throngh its substapce.

Tarning now to fhe condition of the mantle, I find this in & no legs rewnarkable state than the
parts already deseribed. The vesicnlar connective tissue cells,” ag they have appearcd to me
hitherto, have given place to an entirely different. strnetnre, apparently much less solid and
substantial. Jnstead of the clearly defined coarsely cellular structare usaually noticed in sections
made from less impoverished individuals, the tissne has now beeome very coarsely areolar, all trace
of the pecnliar nuelear bodies having vanished, together with the internal protoplasinie network
whielt they so clearly exhibit. The areolm inclosed by the fibers of the conuneetive tissue of the
mantle are very coarse and may measure as muach as balf a millimeter across in seetions of the
hardeni«l and shriunken specimen.  When the mantle was gorged in life, with blood probably, some
idea of the coarseness of these meshes may be formed. The meshes may then have measured four
or five millimeters in diameter, the resulting cavernons state of this highly elastie tissue enalbling
the mantle to become gorged or swollen by endosmosis to a remarkable degree, so mnch so us to
cause the animal to be apparently bulky, yet in reality distended with sanious finids merely. The
question now arises, What huas beeome of this conneetive tissne which has so comnpletely disap-
peared ! The only interpretation which I can offer is that the eonuective tissue substance has
been trinnstormed into sexual products which have been poured out by way of the efferent sexual
duets, und 1hat our specimen represents the extremse of exhaustion consequent upon the completed
exercise of the reproductive function for the season. The animal, in other words, bas now exhausted
ity germ-producing resources, and must begin to feed and store up material for the next season’s
generative products. It therefore heecomes highly probable that the reproductive organs develop
anew each season. My reason for thinking so is, that in this specimen the atrophy or wasting
away of the reproductive organ has gone so far that no trace even of the efferent ducts of that body
remains, The specimen, taken as it was in July, also shows that the spawning season may be
completed before the end of pummer,

The connective tissue of the Oyster is, therefore, in reality transformed into ova and sperma-
‘tozoa, depending simply npon the sex of the individnal whether it shall be the tformer or the latter.
‘This also raises the guestion whether the same individual may not be of a different sex during
-different seasons, since it appears that the whole reproductive organ disappears and develops anew
-every year. This it Is however to be noted is argning from a very different basis from that of
some foreign writers who have beeun absurdly illogical enough to say that the Oyster was of &
different sex in different years, apparently forgetting that it would be impossible to open the same
individual twice in succession ; since opening it kills the animal and puts the second examination
.totally ont of the question. o

The function of the mesench}:m al or connective tissuein the Qyster is, therefore, of the nature
uf a store of reserved material—protoplasm laid up for the parpose of conversion into germs as the
reproductive organ develops anew. It.is then in the highest degree improbable that it.is of the
natare ofan oily or fatty substance, ont of which it wonld be impossible to form such highly vitalized
bodies as the ova and spermatozoa of the Oyster.. While it is troe that we find the. mesenchyme
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developed to the greatest extent during the winter when it may be said the Oyster is in the
best condition as regards flesh, 1t does not follow that this plumpuoess is due to fatty matters, but
rather to ¢ larger amount of protoplasm filling up the mantle, palps, and body mass.

Our gections of thie speeimen deseribed above show gome other singular features wlich eanmot
be passed over in silence.  The principal of these is the presence of thick-walled vessels in the
ventral lobes of the mantle,  Tn life we find branching vessels visible in the transparent mantle in
very impoverished specitnens, sach as the one nnder disenssion,  These vessels may be followed to
what are apparently their oltibate ramifications and secm to cid abruptly, 1t is these vessels
which become obseared wlhen the animat acquires flesh; they are, in fact, hidden in rhe thiek
deposit of conneetive tissue laid down in the mantle,  They are grayish or whitish in color as they
shimmer through the transparent external epithelinl and connective {issue lavers of the mautle
organ, They are also different in charactor from other vessels exeavated in the conneetive tissue
of the mantle, and which disappear with the atrophy of the latier’s substance, just ax we noticed
was the ease with the vessels of the body mass.  1n a specimen as greatly impoverished as the one
under discussion, the thick-walled pallial vessels become very eonspicuous in transverse seelions.
They may pet have the same function as the bloodvessels of the erdinary wall-less forw found in
the connective tissue, from which type they may be at once distinguished by their thick, finely
cellular wa¥s,

The almost total atroply of the meseuchyne or mesoblast daring the spawning season is a
very remarkable fact, no less so than its regeneration. It appears, however, as far as | huve bwen
able to learu from transverse sectious of very small spat, oue-eighth to ove-sixteenth of an inch
in diameter, that the absenee of a well-developed connective tissue deposit also churacterizes the
soft parts of the yovug animal. Indeed, the liver follicles here are relatively few in number,
whereas they are very nmuerous in the adult. The follicles in the young alse lie in immediate
contact with the mantle, resembling in this respect the spawn-spent adults.  This, for embryolo-
gical reagsous, ought to be so.  We find, in fact, secording to the unanimous testimony of observers,
that the mesoblast in the Oyster develops by the proliferation of eells from the outer and inner
layers into the segmentation or body eavity. Why, then, should it not be absorboed aud regener-
ated in the saine way in theadult? There seems to be no valid reason assignable why this should
uot be so, if we look upon the mesenchyme with its vessels and areolur tissue and cavernous
spaces as having been primarily derived from the embryonic body cavity.

Tho arrangement of the intestine as shewn in sections of spat as small as that deseribed
above is essentially the same as in the aduelt. The second bend of the intestine crosses the
gullet in the same way, but the double lateral longitudinal fold eor induplication is not so well
marked as in the intestine of the adalt. The stomacl is more nearly eylindrical and not so
irregular as in the adult, The contents of both the stomach and intestine show thai diatoms
have formed a large proportion of the food of the youug animal, in the sections of which, these
contents, in a number of my preparations, have been kept in situ.

The sections of the seft parts may be very readily double stained so as to bring out the
tissues of the reprodamctive organs very distinctly. To effect this, I throw the sestion into a
solution of methyl green for a few minutes, then intoe magenta, when it will be found that
the green will dye only the reproductive tissues, leaving the others searcely tinged, while the red
will stain the mantle, li:ver, aud connective tissues, mapping ont thess parts so distinctly as to
make a really useful as well as beautifnl preparation.

' -Oonsiderable care must be exercised in the preparation of the color solationg, 80 a8 not to
have them toc inteuse. The sections should also be at onee and guickly dehydrated or else the
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aleohol will abstract the green and spoil in part the effect of the double stain. In making
sections, the best ones which I have ever made have heen prepared from portions of whole
Ovsters which had been imbedded in paraffine, the latter substance having in the molten state
interpenetrated all the cavities and spaces in the hardened specimen, which had been previously
dehydrated and saturated with oil of turpentine.

Note on the organ of Bojanus of the Oyster.—In the first part of this paper it is stated that the organ of Bojanus is
rudimentary or wanting in the Oyster. This statement must now be modified. Within the past year, M. Hoek, of
Leyden, has demeanstrated the existence of the organ of Bojanus in Osfreq edulis, and the writer has shown it to be present.
in the American epecies as a crescent-gshaped glandular or canaliculated structure 1ying just below the adductor and close
against it, as o paired organ which slso extends slightly into the substance of the mantle on either side. M. Hoek has
shown that, as in other acephalous mollusks, this organ communicates with the perieardiac cavity and the genital
-openings.  Its function is exeretory.

Valves of the heart.—A pair of very distinct valvular folds separates each of the auricles of the heart of the Oyster
from the ventricle, opening upward into the latter. They prevent the blood from regurgitating into the auricles, apd
wguse the blood-current fo sssume one constabt direction, viz, from the auricles to the ventricies, and from the latter
through the anterior and posterior aortic vessels to the various parts of the body.

Fization of the spal.—Recent studies have led me to the conclusion that the existence of a byssus in the fry of the
Oyaler is very doubtful, and that fixation is accomplished at a very early stage. pussibly twenty-four hours after the
embryos commence ta swim, by the border of the mantle, as I have endeavored to show in my paper * On the Fixation of
‘the Fry of the Oyster,’” illustrated with figures, and recently prepared for the Bulletin of the United States Fish Com-
mission, where T also show that the beaks of the larval valves are constantly dirceted one way, and that the hinge end
of the larval shell is inclined upward, the free margin of the left larval valve being brouvght into close contact with the
surface to which attachinent occnrs through the instrumentality of the margin of the mantle. The attachment itself is o
very firm one, and consists of the horny matrix of the calcareous material which serves as a cement to glue the free
margin of the lower valve of the fry and spat to the surfice which has heen: chosen as a permanent abode.





